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HE laminagraph is a device embody- 

ing the principle of roentgenographic 
body sectioning, or planigraphy. It has 
been in use for the past few months at the 
Edward Mallinckrodt Institute of Radiol- 
ogy, Washington University School of 
Medicine, St. Louis, where it was built at 
the instigation of, and in cooperation with, 
the director, Dr. Sherwood Moore, who 
named it (lamina: a thin layer) and is pre- 
senting the clinical results. I discovered the 
principles embodied in the machine inde- 
pendently” in 1928, and designed a prac- 
tical machine by 1929, being entirely 
unaware at the time of the previous work 
done by Bocage,® and by Portes and 
Chausse™ in 1921 and 1922. On account of 
poor health, the then beginning depression, 
and skepticism on the part of the men I 
tried to interest, I was unable to have the 
machine built until I met Dr. Moore in 
September, 1936. When shown the design 
and told of my hope that it would prove of 
clinical value, he immediately realized the 
possibilities of the machine and obtained 
permission from the authorities of Wash- 
ington University to finance its building at 
the Mallinckrodt Institute. The mechani- 
cal work was done under the skillful di- 
rection of Mr. R. H. Tontrup. The first 
test, made during construction, was so 


successful that the machine was soon put 
into clinical use. 

Between 1931 and 1935 Vallebona,™ 
Bartelink,’*> Ziedses des Plantes,1617 
Chaoul,’ and others, de- 
scribed devices embodying the planigraphic 
principle and reported on the results ob- 
tained by various methods. An admirable 
review of their work was published by J. 
Robert Andrews! in November, 1936. 

The fundamental principle of planigra- 
phy is that the tube and film move during 
exposure in such a way that the roentgeno- 
graphic shadow of a selected plane in a 
body remains stationary on the moving 
film while the shadows of all other planes 
have a relative displacement on the film, 
and are therefore blurred to varying 
amounts, depending mainly on the distance 
of such planes from the one selected (Fig. 
1). The character and appearance of the 
blurring, and consequently its practical 
value, depend on the character of the 
movement used. The amount of blurring 
also depends on the amplitude of the mo- 
tion and on the distance of the target and 
film from the plane visualized or, more 
generally, on the angle subtended by the 
travel of the target at a point on the plane 


_visualized. 


The effect of the motion and its attend- 


* From the State Tuberculosis Sanatorium, Uncas-on-Thames, Norwich, Connecticut, in connection with the Edward Mallinckrodt 
Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. Read in abstract form at the Fifth Interna- 


tional Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 
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Fic. 1. Description of planigraphic principle used 


in laminagraph. (1-1) Target travel plane; (2-2) 
Plane focused upon; (3-3) Film travel plane. 
These planes are parallel to one another and to the 
film surface. When target is given a motion of 
amplitude 4 along plane 1-1 from T to T’ the 
pivot rod, turning around a fulcrum, the axis of 
which is at P on plane 2-2, will move the film 
along plane 3-3 the distance DP. The shadow of 
point P will follow the film from SP to SP’ and 
remain stationary thereon. The shadow of point 
O moves from SO to SO’, or the distance DO. 
Distances DP and DO form the bases of triangles 
P-SP-SP’ and O-SO-SO’ which have a common 
height C, while their opposite triangles 7-7’-P 
and T-T’-O have a common height B and a com- 
mon base 7-7’, so that DP and DO are equal to 
one another and to 4XC/B; therefore, the 
shadow of point O will also remain stationary on 
the film. This reasoning can be extended to all 
points on plane 2-2; therefore, the shadows of all 
points on this plane will remain stationary on the 
film, and film shadows of objects in this plane 
remain the same size. Shadows of points M and N 
not on this plane will not be similarly displaced 
along plane 3-3 because the ratio C/B no longer 
governs the amplitude of their motion. The shadow 
of point M will be displaced the distance DM, 
from SO to SM’, and therefore have a relative 
displacement on the film equal to BM and be 
blurred by that amount. Similarly, the shadow of 
N will have a blurring of amount BN. As this 
reasoning can be applied to all points between 
planes 1-1 and 3-3 for any amplitude, it follows 
that the shadows of points or objects in plane 
2-2 will be the only ones to remain stationary on 
the film and be sharply rendered, all other shadows 
being blurred to an amount depending on their 
distance from the plane in focus, regardless of the 
amplitude used. 


ant blurring is twofold, as shown in Figure 


2. First, it permits good visualization of 


Jean Kieffer ApRIL, 1938 


objects which would otherwise be obscured, 
when roentgenographed in normal position, 
by large dense overlying or underlying 
structures in a direct line with the desired 
object and target. During planigraphic mo- 
tion an appreciable part of the exposure 
is made while the obscuring structures are 
not in a direct line with the object to be 
visualized, and therefore clearer views of 
this object are obtained. Second, it mini- 


Fic. 2. Two-fold effect of motion. (O) Object to be 
visualized; (S) Structure obscuring the object 
(O); (Solid line) Solid link whose pivot is set at 
the level of (O); (7), (T’) Various positions of 
target on its plane of travel; (F) Plane along 
which film travels. With amplitude 4, the shadow 
of O, which follows the solid link and the film, will 
never be out of the shadow of S. If S is completely 
opaque, O cannot be visualized. With amplitude 
A’, the shadow of O will be clear of the shadow of 
S for an appreciable portion of the exposures and 
therefore will be rendered on the film. If structure 
S is not completely opaque, but possesses a semi- 
transparent complex structure, each point of this 
structure will have a motion on the film equal to 4 
for amplitude 4, and consequently will be blurred 
sufficiently to permit good visualization of the 
object O, even with this relatively small ampli- 
tude. The separation 4 of the center of these 
shadows on the film, which is the measure of their 
relative displacement, is a function of the relative 
distances B, C, D, as well as of 4, so that this 
separation will be somewhat different for a motion 
along parallel planes as here illustrated, than for a 
motion along arcuate paths, as used in Gross- 
mann’s tomograph, though the effects are the 
same. 
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The Laminagraph and Its Variations 


Fic. 3. Comparison of results of symmetrical and unsymmetrical motions. Roentgenogram at left taken 
with circular motion of 20 cm. amplitude, that at right with rectilinear motion of 60 cm. amplitude, 
parallel to grid structure. Exposure time, amperage, and voltage the same; reproduction technique the 
same. A much clearer and undistorted view of the plane desired was obtained with the circular motion, 
and the roentgenograms are of approximately equal densities without increase in exposure time. 


mizes the disturbing effect of superim- 
posed shadows because it blurs the image 
of fine structures not in the plane to be 
visualized. This also permits a clearer view 
of the object wanted. A motion of rela- 
tively large amplitude is necessary for the 
first effect; a motion of relatively small 
amplitude is satisfactory for the second. 
However, the motion should be symmetri- 
cal or nearly symmetrical in all directions 
in order to blur small structures most 
effectively. In general terms, the maximum 
amplitude of the-motion and its orientation 
controls the relative elimination of shadows 
from large dense structures, or the ability 
of the system to “see around things”; 
while the shape and length of the target 
path determine the character of the blur- 
ring, and thereby control the relative elimi- 
nation of disturbing shadows caused by 
adjacent complex structures. 

Rectilinear motion results in unsymmet- 
rical blurring which introduces marked 
distortion (see Fig. 11 and explanation) 
but, when of large amplitude, its efficiency 


renders it useful for the elimination of 
shadows from elongated large structures 

such as the spine or the ribs, provided they 
are oriented so that their longest dimension 
is at, or nearly at, right angles to the 
motion. Circular or spiral motion results in 
symmetrical* blurring which introduces no 
distortion and is ideal for the elimination of 
superimposed shadows caused by relatively 
small or complex structures, such as are 
found in the head (Fig. 3). Curvilinear 
motion having a component of large ampli- 
tude combined with a transverse compo- 
nent of smaller amplitude is best for the 
elimination of obscuring and disturbing 
shadows from large objects of complex 
structure, and introduces no objectionable 
distortion if the difference between the 
amplitude of the two components is not too 
great, a ratio not higher than one to three 
being preferred. The laminagraph can per- 
form any of these motions so that the best 


* In the remainder of the paper the words “symmetrical” and 
“unsymmetrical” are used in the sense of “symmetrical” or “un- 
symmetrical” in all directions when referring to motion or blurring. 
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Fic. 4. General view of experimental laminagraph. 
(For explanation, see text.) 


motion for the subject at hand may be 
used. 

So far, the laminagraph has been built in 
a horizontal model only, to which it is of 
course not restricted. This machine (Fig. 
4) consists essentially of a conventional 
horizontal roentgenographic table on which 


Fic. 5. Close-up of mechanism of laminagraph. Tube 
supporting structure, actuating turntable, and 
motor are shown. The plane to be visualized is 
selected by adjusting the pivot (arrow) of the 
rigid rod without changing target-film distance 
or moving the patient. The adjustable diaphragm 
under the tube support limits the roentgen-ray 
beam and keeps it centered in one direction, while 
a similar diaphragm (not shown) on the rocking 
tube cradle limits the beam and keeps it centered 
in the other, giving a combined effect similar to 
that of a cone kept oriented toward the center of 
the object plane at all times. 
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the film carrier is mounted on a system of 
double tracks at right angles to one another 
and parallel to the table top, and of a rail 
mounted tube stand on which the tube is 
similarly mounted, so that both the tube 
and film may be moved with any plane 
parallel motion whatever. The tube and 
film carrier movements are synchronized 
by means of a rigid link pivoted on an arm 
at a point which remains stationary in re- 
lation to the body roentgenographed. 
When the system is actuated, the tube 
and film carrier are displaced with motions 
opposite in direction and of amplitude pro- 


Fic. 6, Longitudinal motion of laminagraph. The 
tube stand is displaced longitudinally on the track 
during motion of large amplitude. The pivot sup- 
port (arrow) remains stationary on the table. The 
wheel at the left lower corner acts as a pendulum 
which pulls the stand over by means of a cable. 
(Compare with Fig. 4.) 


portional to one another at all times. The 
plane of the object roentgenographed at 
the level of the stationary pivot point (Fig. 
5), and parallel to the film surface, is the 
only one not to have any displacement 
relative to the film and is therefore the only 
one sharply rendered, all other planes be- 
ing more or less blurred. 

The system is actuated by a motor act- 
ing through a turntable (Fig. 5) which by 
itself, or in combination with templets of 
various configurations, may give the tube 
and film any suitable predetermined mo- 
tion. The tube stand may also be moved on 
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RECTILINEAR- 66 c/m, 


RECTILINEAR + CIRCULAR— 


66 xX 17.5 cm. CIRCULA 


RECTILINEAR + SPIRAL— 66 x /5cmM. SPIRAL- /5 cM. Avr. 


SINE~ 66x 5 cm. TRANSVERSE? 5 cm. 
Fic. 7. Various movements of the laminagraph. Actual path of motion as represented by the movement of 
a roentgen-ray beam passing through a hole in a brass plate placed above the focal plane (the illustrations 
of the path of transverse motion are diagrammatic). A wire screen (}” mesh) was at the focal plane. Densities 
are proportional to the speed of displacement of the target. Shadows of objects outside the focal plane 
move along path similar to the target path and are recorded with relative densities similar to those illus- 
trated. Note that the density of the spiral is fairly even throughout the surface of the area affected. The 
right column represents motions given by the turntable, the left column represents the resulting motion 
when turntable motion and longitudinal displacement of tube stand assembly are combined. Further 


variations of movement, all easily duplicated, may be obtained by varying the amplitude of the com- a 
ponents and the number of turns made by the turntable. (In these tests the distribution of the density 
is not even on both sides of the center of the longitudinal motion because the experimental machine was 
not yet adjusted for optimum efficiency, which requires that the density and path be similar on both 
sides, the density being maximum at each end and minimum at the center.) 
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its rail during exposure to impart to the 
system a superimposed motion of great 
amplitude longitudinal to the table (Fig. 
6). This motion may be used alone or in 
combination with any motion imparted by 
the turntable, markedly widening the scope 
of the machine. 

The amplitude and other characteristics 
of the motion may be readily changed. On 
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motion to the tube while it is simultane- 
ously displaced longitudinally with the tube 
stand by an automatic device. The longi- 
tudinal motion imparted by this mecha- 
nism is faster at the center than at each end, 
in order that a greater part of the exposure 
may be made while the shadow of the large 
structure is not directly over that of the 
object desired. The resulting target motion 
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Fic. 8. Design of special spiral templet. The tube movements are controlled by the groove cut in the templet. 
The separations of the turns are such that the area included between any two turns are all equal to that 
between any two other turns. The curve obtained when plotting radius against angular displacement is a 
parabola, as shown on left. The general formula for this form of spiral is: (R)* —(R’)?=K, when R is the 
radius of any turn at any point, R’ is the radius of the next turn nearer the center, measured on the same 
radial axis, and K is a constant. In an Archimedean spiral the actual separation between any two turns, 
instead of the area, is equal to that between any two other turns. The general formula is R—R’ = K, and 


the plotted curve a straight diagonal line. 


the experimental machine here described, 
the maximum amplitude made available 
during exposure by the motion of the tube 
stand along its rail amounts to 66 cm., and 
the maximum transverse motion given by 
the turntable itself amounts to 20 cm. For 
the visualization of objects obscured by 
large complex structures the two motions 
are used in combination, the turntable 
being used to give a harmonic transverse 


is a continous succession of approximate 
sinusoidal curves of constant amplitude 
but of varying periodicity (Fig. 7). 

The plane to be sharply rendered is se- 
lected by adjusting the pivot point to the 
height of that plane. A particular feature 
is a specially calculated spiral cam or 
templet (Fig. 8) which may impart to the 
system a parabolic spiral motion of such 
character that the additional areas covered 
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between turns are always equal. This has 
been found valuable in eliminating shad- 
ows caused by objects of fine complex 
structure, or those having nearly rectilinear 
outlines (Fig. 9). With this type of motion 
the blurring is more even, as well as more 
efficient, than with an Archimedean spiral; 
more even because the areas covered dur- 
ing equal time intervals by a moving 
shadow are more nearly equal, more effi- 
cient because a greater part of the exposure 
is made while the tube-film system moves 
near its maximum amplitude. The number 
of turns made by the system during ex- 
posure may also be controlled, as may their 
position relative to the center of the sys- 
tem. All this permits a very wide selection 
of techniques. 

Stereoscopic shifts and provision for 
varying the vertical target-film distance by 
moving the entire tube assembly up and 
down on the tube stand permit further 
elasticity of technique. Interlocking elec- 
trical controls render the operations fully 
automatic. The machine may be used as a 
conventional type of horizontal roentgeno- 
graphic table in all essential particulars if 
it is kept stationary during exposure. 

Elimination of secondary radiation is 
secured by a system of moving aperture 
diaphragms and by the optional inclusion 
of a wafer type grid. The grid structure is 
oriented longitudinally to the table. It is so 
secured to the film carrier that it moves 
with the film during the longitudinal com- 
ponent of the film motion while during the 
transverse component the film moves under 
the grid. The planigraphic motion itself 
takes care of these relative displacements, 
which blur the image of the grid structure 
on the film to an extent satisfactory for all 
practical purposes. The tube may be con- 
nected with the link to keep it oriented to- 
ward the center of the film in a direction 
longitudinal to the table when using mo- 
tions of relatively great amplitude. This 
provides for adequate coverage of the film 
by radiation at all points of travel, as well 
as for the maintenance of the projected 
area of the focal spot on the film at a con- 
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stant size, which results in a slightly greater 
maximum sharpness. 

The speed of rotation now used for the 
turntable is one turn per second; the mini- 
mum exposure time for symmetrical blur- 
ring is therefore one second. The longer 
exposures will not markedly affect the 
quality of the blurring, and affect it not at 
all if timed so as to include no fraction of 
turn. The special spiral has five effective 
turns; this permits exposures of from one to 
five seconds. 

The time of translation of the tube stand 
on its rail support may be varied from 
three to ten seconds; this makes available 
exposures of long enough time to permit 
the use of moderately low voltage as well as 
tubes with small focal spots. This is valu- 
able when deep structures must be visual- 
ized through dense parts of the body (such 
as the sternum anteriorly, or upper dorsal 
vertebrae or hips laterally). 

The clinical work done with the lamina- 
graph shows that in most cases circular 
motion provides adequate blurring of the 
fine structures in the lungs, as well as prac- 
tical elimination of the rib shadows. Satis- 
factory chest laminagrams can be made in 
one second, and even in one-half second if 
only one-half turn is used; however, in the 
last case, the resulting blurring is not sym- 
metrical, although still adequate for certain 
purposes. Of course, when structures under 
the heart shadow must be visualized, ex- 
posures of longer time or higher voltage 
prove necessary. Exposures of three to 
four seconds, made while using the three or 
four outside spiral turns, have given very 
satisfactory blurring and seem to be best 
for laminagrams of the head. It is usually 
easy to change the milliamperage factor to 
fit this length of exposure. 

The effect of the type of motion used on 
the exposure technique necessary to obtain 
satisfactory planigrams has been variously 
described by previous writers. No set rule 
can be given as this effect depends very 
markedly on the type of structures adja- 
cent to the plane to be visualized. 

When two different motions are com- 


) 
> 
| 
| 
on 
Sie 
| 
j 
> 
- 


38 


APRIL, 19 


Jean Kieffer 


+ 
O 


+ 
i 4 tt = 
++ +4 +1 +4 + 
ea 
seen 4 4 bd 
4 
~ 
+444 
4 4 < 4 5 
w | 
+4 
ees aa 
2 tal 
a t 7 
‘TY 
ee 
ere 
een ++ 4 4 
+4 44444 
++ ee ++ ++e 
4 4 
4 t+ + S eee S + 4 4 
t + > © ee 
+ see r 4 e ; q Ses 
pesee pa ‘ ae ++ 4 
a 
+ HHH © 
+++ +4444 
+4 oe, see TT 
=e tTrett © +4 bd 
se ea + see ++ 
se 4 b+ ++ ++++ + a 4 
‘ 
ee at pes 
o 33 o 


RECT. + SPIRAL-66x/5cm. SPIRAL- /5 cm. 


SINE- 66 x /O cm. 


density of the shadows. 


of screen to film (plane in focus), 3 cm.; distance of lead cross and wire to film, 7 cm. Greater amplitude 


Fic. 9. Effect of amplitude and type of movement on blurring. Distance of target to film, 75 cm.; distance 
produces greater relative blurring and corresponding lessening of the relative 
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pared, the motion which causes the rays to 
pass through the densest tissues will re- 
quire more exposure than the other, regard- 
less of the particular character of each 
motion. For instance, while taking plani- 
grams of structures at the root of the lung 
a rectilinear motion at right angles to the 
spine will throw the shadow of heart and 
spine across those desired structures for a 
longer portion of the exposure time than 
would a spiral motion centered over that 


which may be used. The effect due to this 
last cause has not appeared very promi- 
nently in the laminagraph. No appreciable 
differences in general density were found in 
comparative laminagrams of the head 
when made with rectilinear motion parallel 
to the slotted diaphragm structure, or 
with circular motion, or with spiral motion, 
when the exposure factors of time, amper- 
age and voltage remained unchanged (see 
explanation of Fig. 3). 


ry 
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Fic, Thickness of planigraphic layer sharply rendered—(theoretical). Distance M represents the 
maximum permissible blurring, or the amount that the shadows may move on the film and still be sharp 
enough for practical visualization in a given case. For an object distance B and amplitude 4 (Diag. 
1), points on 1 and 1’ will have that motion; therefore, all points outside layer Z1 will exceed this maxi- 
mum and the depth of focus will be distance 1. If the maximum permissible blurring is reduced to the 
value of M’ (Diag. 2), the depth of focus will be reduced to 12. If the amplitude is increased to 4’ 


(Diag. 3), the depth of focus for blurring of value M will be reduced to 13. If the target object dis- 
tance is increased to B’ 


(Diag. 4), the depth of focus for amplitude 4’ and value M is increased to 
L4. In practical work the thickness of the layer rendered within a given permissible blurring is roughly 
inversely proportional to the angular amplitude (@). 


lung field. The first will therefore require 
longer exposure time than the second, 
other exposure factors being equal. Con- 
versely, this first motion will require a 
shorter exposure time than the last if a 
view of the sternum is wanted. In this case, 
a rectilinear motion at right angles to the 
spine lets the rays pass for a greater por- 
tion of the time through the air-bearing 
lung, therefore necessitates less exposure 
than a spiral motion. This effect on the 


exposure is entirely separate from any simi- 
lar effect due to the displacement of the 
tube over any type of slotted diaphragm 


Although the type of motion used has no 
appreciable direct effect on the general 
densities obtained, and consequently on 
the exposure factors, it markedly affects 
the appearance and value of the results (see 
Figs. 3 and 9). This would be expected from 
the preceding discussion. Laminagrams 
taken with symmetrical motion result in a 
sharp undistorted representation of the 
desired plane seen through a hazy but un- 
distorted background of shadows made by 
the adjacent structures. The part of the 
body thus visualized is really a thin layer, 
or lamina, the word “plane” being used for 
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the sake of simplicity. The hazy back- 
ground produced is not at all disturbing 
and, in fact, helps the roentgenologist be- 
cause he obtains a very distinct impression 
of the relation of the layer sharply visual- 
ized to the body structures in which it lies. 
Stereolaminagrams illustrate this beauti- 
fully: the sharp layer is seen in its proper 
spatial relation to the hazy, undistorted 
background. The depth of this layer may 
be controlled by the angular amplitude of 
motion used (Figs. 10 and 11). The greater 
this amplitude the thinner the layer, al- 
though there is a minimum thickness ob- 
tainable because the focal spot is not a true 
point, but has appreciable dimensions. The 
thickness of layers thus sharply rendered in 
the average laminagram is in the order of 
5 mm. The maximum sharpness of the 
image of structures in this layer is equal, 
for all practical purposes, to that obtained 
in normal roentgenography because, with 
the plane parallel character of the motion 
used for tube and film, the object-film dis- 
tance need not be greater than in conven- 
tional technique. Although during motion 
the actual distance between tube and film 
changes, the relation of the distances be- 
tween them and the object remains con- 
stant, and geometrical considerations show, 
in this case, that the lack of sharpness due 
to the size of the focal spot is no greater 
when the ray meets the film at an angle 
than it is when perpendicular to it. When 
large amplitudes are used, a slight blurring 
of the plane in sharpest focus will occur, 
due to the fact that the target possesses 
vertical height. The plane is in exact focus 
with the center of the target, but not with 
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‘points of the target above or below the cen- 


ter. This effect is small and not noticeable 
with the average tube and amplitude used. 

Mathematical analysis of the system em- 
bodied in the present laminagraph, where 
the tube and film move in planes parallel 
to one another and to the film surface, 
discloses the fact that it follows the laws 
of geometrical optics. If the perpendicu- 
lar distance between target and selected 
plane is taken as the “object distance” 
the perpendicular distance between target 
and film surface taken as the “image dis- 
tance,” and the path and amplitude of the 
target motion taken as the “aperture,” the 
mathematics of mirrors and lenses applies 
and various factors such as “equivalent 
focal length,” “‘depth of focus,” “circle or 
figure of confusion,” etc., can be accurately 
calculated. The present laminagraph is, in 
fact, a “‘roentgen-ray focusing machine” 
and the system it uses a “‘mechanical lens.” 

Further theoretical analysis has dis- 
closed future possibilities which have not 
yet been practically tested. It is possible to 
obtain roentgenographic visualization of 
planes at right angle to the long axis of the 
body, so-called “transverse” or “frontal” 
sections; for instance: sectional roentgeno- 
grams of the spine through, or parallel to, 
the vertebral discs with the body in normal 
position, sections parallel to the floor of the 
skull, cross sections of long bones, etc. This 
follows from an extension of the principles 
involved. The extent of the layer sharply 
rendered during laminagraphic motion is 
limited only by the size of the object 
roentgenographed and by the size of the 
film used because, theoretically, the geo- 


Fic. 11. Effect of character and amplitude of motion on depth of focus. The screens whose shadows are here 
reproduced were held on a wedge at an angle such that 5 of the small meshes represent a 1 mm. difference 
in height above the film surface. The triangle (C) points toward the higher planes. The upper portion (4) 
of each test film was exposed with the laminagraph performing the movements described, while the lower 
portion (B) was exposed without motion in order to give a conventional representation of the mesh for 
comparison. Downward arrows show the limit of focus for wires transverse to the table; upward arrows, 
that for wires longitudinal to the table. The distances between the arrows show that the depth of focus is 
equal along both axes for the spiral and circular motion, hence the blurring they produce is symmetrical. 
The depth of focus is not equal along both axes for the sine and rectilinear motion, being actually infinite 
along one axis for the last. The shadows of objects not in the focal plane are distorted due to this lack of 
symmetry and, because they are superimposed on the image of the shadows of objects in the focal plane, 
which is in itself undistorted, they give the resulting roentgenogram a troublesome distorted appearance. 
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Fic. 12. Extension of planigraphic system to trans- 
verse sections. If the planigraphic system is 
pivoted at P and a target moved from TtoT’, a 
sharp rendition of the plane O-O in the object (1), 
and parallel to its long axis, will be obtained on 
the film moving along plane F at F1. The plane 
capable of being sharply rendered will not be 
limited to O-O, but will be infinite in extent. If 
the film carrier were long enough so that a film 
could be placed at F2, the shadow of the portion of 
that plane whose limits are O’-O’ would also be 
sharply rendered on the film. If the pivot point P 
were transferred to P’, the results would be es- 
sentially the same, and if the object were placed 
in a position at right angle to the original one (2), 
the plane sharply rendered would be at right 
angles to the long axis of this body. This axis 
could be of any length whatever without interfer- 
ing with the tube or film movement, and the roent- 
gen rays would only have to penetrate through a 
small portion of the object, regardless of its length. 


metrical plane in focus is infinite in extent. 
Hitherto a limited portion of that plane, 
centered perpendicularly under the tube 
and the object, has only been used. Decen- 
tering the system in regard to the object 
makes available other parts of that geo- 
metrical plane to obtain laminagrams. The 
tube and film may be located as far as de- 
sired from the perpendicular line joining 
the center of target and film so that their 
paths of travel are on opposite sides of the 
limited plane to be visualized instead of 
directly above and below (or in front and in 
back of) this plane. When body, tube and 
film are in these relative positions (Fig. 12), 
the body can be of any length perpendicu- 
lar to this plane without interfering with 
the tube and film motion, which may even 


be in a direction toward each other, or 
more specifically along an axis or plane 
perpendicular to the film surface (Fig. 13). 
Thus laminagrams of planes at right angle 
to the long axis of a body can be obtained, 
even if this axis be far too long for roent- 
genographic penetration, regardless of the 
character and direction of the motion used. 
This results in transverse sections, such as 
a sectional roentgenogram of the spine 
parallel to the vertebral discs. 

It can also be shown that the film surface 
may be tilted to any degree with respect to 
the direction of its motion, in which case 
the plane sharply rendered will be similarly 
tilted so that it will be parallel to the film 


Fic. 13. Extension of planigraphic system to motion 
normal to the film surface. If the planigraphic sys- 
tem is such that the direction of motion (7 to 7’ 
and G to G’) is at right angle to the film surface 
(F), a selected plane will still be sharply rendered, 
this plane being parallel to the film surface and 
at right angle to the direction of motion. On ac- 
count of the parallel character of the film and target 
motion, the ratios of the distances T-P to P-G 
and T’-P to P-G’ will remain equal and, from the 
law of similar triangles, the image of the plane 
O-O parallel to the film surface F', and the image 
of that plane only, will be of the same size on the 
film whether the film be at F or at F’. The shadow 
of the point P, on planeO-O and on the axis of the 
pivot, will not be displaced on the film during 
movement, being always at G, on the axis of the 
film gimbal. Because of this, all points of the 
shadow of plane O-O will have no displacement on 
the film while points in all other planes will move 
on it. Therefore, that plane, and that plane only, 
will be sharply rendered. 
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Fic. 14. Extension of planigraphic system to mo- 
tion at any angle to the film surface. If the plani- 
graphic system is such that the parallel motion 
of target and film—of target (T to T’) and of 
film, as controlled by its gimbal (G to G’)—is at 
any angle to the film surface F, a selected plane 
will still be sharply rendered. With this motion 
the ratios of the distances 7-P to P-G and 
T’-P to P-G’ will still remain constant, and the 
only shadow which will remain of constant size 
on the film whether it be at F or F’, and which will 
have no relative displacement on it during move- 
ment, will be the shadow of the plane which is 
parallel to the film surface and includes the axis 
of pivot P (plane O-O). Therefore that plane, and 
that plane only, will be sharply rendered. 


The Laminagraph and Its Variations 


Fic. 15. Simplified diagram of laminagraphic ma- 
chine for transverse section. Motion parallel to 
the film surface (planigraphic system). Rectilinear 
motion only illustrated for simplicity. (See also 
Fig. 16.) 


surface, and at a level such that its exten- 
sion would contain the pivotal point (Fig. 
14). It is therefore theoretically possible to 
make roentgenographic cross sections of 
the body at any level and at any angle 
desired, no matter how extensive may be 
the longest dimension of the body. It also 
becomes evident that many types of mo- 
tion differing very markedly in character 
and direction may be imparted to the tube 
and film in order to obtain roentgenograph- 
ic body sections. Some of these various 
motions have particular advantages in par- 


PRAD/OGRAPHY of 


MODIFICATION VERTICRAPHIC SYSTEM. 


Fic. 16. Simplified diagram of laminagraphic machine for transverse section. Motion at right angle (vertical) 
to the film surface (vertigraphic system). Here, also, rectilinear motion alone is illustrated (see Fig. 15). 
A machine combining both movements in any plane is also possible. Tilting the film will result in the 
sharp representation of a plane similarly tilted (see Fig. 14). In this figure, as well as in Figure 17, the 
schematic representation of the body roentgenographed has been displaced to the right for the sake of 
clarity; in practice the points marked 7, T’ and P, P’ would overlap. 
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Fic. 17. Simplified diagram of machine for trans- 
verse section. Motion along arcuate path (tomo- 
graphic system). Blurring rectilinear. Tilted planes 
may also be sharply visualized by tilting the film, 
this being done by changing the angle of the upper 
horizontal link. 


ticular cases. The laminagraph is eminently 
suited for adaptation to these motions 
(Figs. 15 and 16). Grossmann’s “tomo- 
graph” is adaptable to the roentgenog- 
raphy of transverse sections (Fig. 17), but 
only by means of arcuate motions with co- 
incident distorted blurring of the shadows 
of objects not in the focal plane. 
Theoretical considerations also disclose 
that the rigid link rod may be completely 
dispensed with and replaced by a system of 
gears, in which case the plane sharply 
rendered will be at the theoretical pivotal 
point of the system, this point being con- 
trolled by the relative eccentricity given to 
the movements of the tube and film (Fig. 
18). Such a machine will be best suited for 
circular motion and should find practical 
application in specialized fields, particu- 
larly in examination of the head, for which 
this motion has been found satisfactory. 
Roentgenoscopic applications of this 
principle are also possible. Others have al- 
ready used it to determine the depth of an 
object in a body. A device for this purpose 
was described as early as 1915 by Baese? 
who used the planigraphic principle in his 
system without being aware of its roent- 
genographic application. This determina- 
tion is done by measuring the relative posi- 
tion of the pivot point and the body when 
the shadow of the object remains station- 
ary in respect to the screen. This, however, 
is a very limited application of the plani- 
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graphic principle. A device in which the 
roentgenoscopic image will bea duplicate of 
the planigraphic image and which will per- 
mit visualization of various layers of a 
body in quick succession and in various 
planes is not beyond the possibilities of 
present-day knowledge. 

The following description is an example 
of such a system in which theoretical data 


Fic. 18. Example of planigraphic system using gears 
instead of solid rod (diagrammatic—supporting 
structures not shown). The turntable actuating the 
tube and the one actuating the film carrier rotate 
at the same angular speed, and in the same direc- 
tion. Connecting rods are so placed that their 
movements are at 180° phase difference. This 
motion is similar to the one which would be im- 
parted by a linkage system pivoted at P. The 
height of the pivot above the film surface (D’) 
would be equal to R’B/R+R’, where R and RK’ 
equal radius of eccentricity of film carrier con- 
necting pin and of tube carrier connecting pin, 
respectively; and B equals the perpendicular 
distance between the planes of travel of target and 
film. The plane whose distance D above the film 
surface is equal to D’ will therefore be sharply 
rendered. The gear train could be dispensed with 
and both turntables keyed to the same shaft, in 
which case the connecting rods would be on the 
side of the turntable opposite the shaft, and their 
connecting points on opposite sides of the axis of 
rotation on a plane containing this axis. In either 
case, the height of the focused plane can be con- 
trolled by changing the relative eccentricity of the 
points of attachment of the connecting rods. 
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only are considered at first, the mechanical 
means employed being described later in 
order to avoid confusion. 

The target is given a circular motion of 
adequate speed and amplitude. The body 
containing the plane to be visualized is in- 


ar T 


FLUOROSCOPIC SCREEN——,- OF 


Fic. 19. Diagrams of principle of plani-roentgenoscopy. While point of emission moves from 


SCREEN OF 
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EXCENTRIC LENS 

PosiTION Tam@ET aT T 
FOCAL PLANE OF LENS 


ROTATING IMAGE 


equal speed in circles of equal diameter, 
but this diameter is different for each and 
every plane of the body. The screen is 
viewed through a lens system composed of 
a rotating lens and of a suitable stationary 
eye piece, which have a common focal 


ai} 
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T to T’ shadows 


of objects 4 and B move on the screen from 4S to 4S’ and from BS to BS’, respectively. In diagram at 
left, the rotating lens is adjusted so as to bring the image of the shadow of the axial pointof plane containing 
object 4 to the axial point of the focal plane. While the lens moves from solid to dotted line position, the 
image of the axial point of plane containing 4 remains at the axial point of the focal plane; therefore, 
image 41 and 41’ coincide at all times and object 4, and the entire plane containing it, is sharply visual- 
ized while image B1 moves from Bi to B1’ and object B is blurred, as well as the entire plane containing it. 
As B may be represented anywhere along the axis, the plane containing 4 is the only one sharply visual- 
ized. In diagram at right, the lens is adjusted to bring image of shadow of axial point of plane containing 
B to the axial point of the focal plane. Image B1 now remains still while image 41 rotates around it from 
Ai to Ai’. The plane containing B is here the only one to be sharply visualized. The real image formed at 
the focal plane of the rotating lens can either be viewed with a suitable eye piece or be recorded on a 
sensitive film (see text). Mechanical instead of electrical synchronization of movement of target and lens 
could be obtained by a mechanical analogue to the laminagraph, though the point of pivotage of the system 
would in this case be on a plane other than that of the layer visualized. 


terposed between the moving target and a 
stationary fluoroscopic screen, whose plane 
is parallel to the plane in which the target 
rotates. All shadows produced by the body 
rotate on the fluoroscopic screen, the 
shadows produced by all objects within any 
plane parallel to the screen moving with 


plane. An image of the screen is formed by 
the lens, the rotation of which is such that 
the moving image of the shadows produced 
on the screen by the objects in a selected 
plane remain stationary in the optical focal 
plane, where it is viewed through the sta- 
tionary eye piece. Because the shadows of 
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all objects not in the selected plane move 


on the screen with a different radius of 
translation than the shadows of objects in 
that plane, they rotate in the optical focal 
plane and appear to the eye as blurred 
images, provided the speed of rotation of 
the target is great enough. This visual blur- 
ring will be directly proportional to the 
difference in the amplitude of rotation, on 
the fluoroscopic screen, of the shadows of 
objects in the selected plane and of the 
shadows of objects in any other plane. 


Fic. 20. Radiation focusing device. Movement along 
section of spherical surface. (1) Tumor to be 
treated; (2) Radium container (bomb); (3) Axis 
of system; (4) Cam and turntable for spiral 
motion; (5) Motor and gear box; (6) Counter- 
weight. No matter where the system is displayed, 
radiation will always be directed toward the center 
of the tumor. The size of the field receiving con- 
centrated radiation is regulated by the aperture 
through which the radiation leaves the bomb. This 
system is also suitable for use with roentgen tubes. 
Therapeutic effects will be similar to a technique 
using a multitude of portals of entry. The smaller 
the tumor, the smaller will be the relative effect 
on normal tissue for any given tumor dosage. 


The image when viewed through the eye 
piece, will then be the equal of that pro- 
duced by the laminagraphic system pre- 
viously described; the roentgenoscopic im- 
age produced by the former bearing to the 
roentgenogram produced by the latter a 
relation exactly similar to that of an ordi- 
nary roentgenoscopic image to an ordinary 
roentgenogram. If the relation of the sys- 
tem to the body is changed during visual 
examination so that the selected plane is 
successively located through all planes of 
the body, the observer will see through the 
eye piece each plane come into focus suc- 
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cessively, and receive a visual impression 
similar to that received by a microscopist 
as he focuses through all the planes of a 
semi-transparent solid illuminated by 
transmitted light. 

The mechanism necessary to obtain this 
result is not beyond present-day knowledge 
(Fig. 19). A roentgen tube with a rotating 
cathode and annular anode would render 
high speed rotation of the emissive point 
possible because a moving target may be 
considered as a moving place of emission, 
and the target itself may remain stationary 
while the emissive point rotates upon it. 
The rotation of the cathode could be ‘se- 
cured by a synchronous motor. A constant 
potential current such as obtained by a 
condenser type of generator would be used 
to energize this tube in order to produce an 
image of constant brightness. The rotating 
lens could be mounted eccentrically in the 
hollow shaft of another electric motor syn- 
chronized with the cathode motor, the 
amount of decentering of the lens being var- 
iable in order to adjust for the location of 
the body plane focused upon. With the two 
motors synchronized so that the emission 
point and the center of the lens move at 
equal speed but on opposite sides of the axis 
of rotation of the system, a steady image 
of a selected plane would occur at the focal 
plane. 

By further extension along the lines sug- 
gested in the previous discussions on lam- 
inagraphic transversed sections, it becomes 
evident that such a system may be used for 
plani-roentgenoscopy on a plane at any 
angle to the long axis of a body, including 
those at right angles to that axis; also, that 
if a sensitive film is placed at the focal 
plane of the rotating lens and held station- 
ary while the target and lens are rotated, 
an image reduced in size, but quite similar 
to that obtained by the laminagraphic 
system described, will result if adequate ex- 
posure is given. So that by placing the film 
gate of a cinematographic camera at that 
plane, a cine-plani-roentgenoscopic image 
will result. A system combining the high 
speed of rotation of the one just described 
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with a kymographic grid would permit the 
kymography of selected planes. 

Futher consideration of theoretical data 
discloses that a machine embodying the 
special spiral motion described has poten- 
tial applications in therapy. Though the 
use of the planigraphic principle in therapy 
has previously been attempted, its practi- 
cal application has not been very success- 
ful because the portal of entry was not 
much bigger than with standard technique 
or was not evenly irradiated. With the 
parabolic spiral used to actuate a some- 
what modified linkage system it becomes 
possible to focus a large amount of radia- 
tion in a relatively small field in the body 
while spreading it fairly evenly through a 
very large portal of entry, thus markedly 
diminishing the effect on normal tissues as 
compared with the effect on the abnormal 
tissues which it is desired to treat (Fig.20). 

Thus, it can be seen that the principle 
of roentgenographic body sectioning will 
prove of greater help to the radiologist than 
its present development implies. The lam- 
inagraph, on account of its accuracy and 
elasticity, and because it can make use of 
widely different types of motion, is an in- 
strument well suited for the investigations 
necessary before the application of planig- 
raphy can be realized to its fullest extent. 


SUMMARY 


The laminagraph, a device for roent- 
genographic body sectioning (planigraphy), 
is presented and described and its principle 
explained. 

The effects of various planigraphic mo- 
tions on the resulting roentgenograms, as 
well as their effect on exposure time, are 
discussed. 

Circular or spiral motion is advocated 
for the elimination of troublesome “‘super- 
imposed shadows,” and a special type of 
spiral motion well suited for that purpose 
is described. 

A method for obtaining transverse roent- 
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genographic sections and a system of plani- 
roentgenoscopy are presented. 

Implications of planigraphy in regard to 
diagnostic and therapeutic procedures are 
discussed. 
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BODY SECTION ROENTGENOGRAPHY WITH 
THE LAMINAGRAPH*t 


By SHERWOOD MOORE, M.D. 


ST. LOUIS, MISSOURI 


8 in inevitable delays incident to the 
construction and application of any 
piece of apparatus have so retarded the 
clinical application of the laminagraph that 
this communication is necessarily prelimi- 
nary in nature. There have been additional 
handicaps. Collaboration with the inventor 
of the laminagraph, Mr. Jean Kieffer, has 
been most difficult because of the great dis- 
tance of his residence (1,400 miles) from 
the place where the apparatus was being 
built and the limited amount of time at his 
disposal for the purpose of construction. 
The laminagraph is set up in the Research 
Department of the Edward Mallinckrodt 
Institute of Radiology and is operated from 
a transformer of limited capacity, which has 
had an adverse effect on technique and 
greatly limited the field of application. In 
the nature of things it is obviously un- 
handy to care for patients in a research 
laboratory. 

Every object in the path of the beam of 
roentgen rays is registered on a screen or 
sensitive film in proportion to its density 
and distance from the screen or film. In the 
past, superimposed shadows could only be 
separated by altering the tube-object re- 
lationship. This is of very limited value for 
the separation of the densities recorded. 
Since 1921, various investigators have en- 
deavored to separate the structure roent- 
genographed by “focusing” on a particular 
object and removing or diminishing over- 
lying and underlying images. Bocage* was 
the first of these investigators. 

It would be repetitious to record the de- 
velopment of the principles underlying 
“‘body section roentgenography.” Those in- 
terested should refer to the scholarly article 


by J. Robert Andrews,! which is a complete 
historical account of all the various princi- 
ples of planigraphy and the work of the in- 
vestigators who devised the various types 
of apparatus. 

The type of apparatus, with which this 
article is concerned, is that invented by 
Mr. Jean Kieffer, of Norwich, Connecticut, 
in 1929. The following is quoted from 
Andrews: 

The apparatus was invented in Ig29, at 
which time a patent was applied for in this 
country. This patent was granted in 1934. The 
invention of this apparatus in 1929, therefore, 
takes precedence over the work of Vallebona, 
Ziedses des Plantes, and Grossmann. 


Reference should be confined to two sub- 
sequent articles. They are, “Tomography, 
by means of a simple attachment to the 
Potter-Bucky couch,” by E. W. Twining? 
and “Tomography in the diagnosis of pul- 
monary lesions” by E. Bernard.? The latter 
corroborates all the claims of Grossmann‘ 
for the value of planigraphy in the exami- 
nation of the chest. I am in full agreement 
with both Grossmann and Bernard on this 
point. 

Twining, by applying a most simple and 
inexpensive attachment to a_ standard 
roentgenographic table, has secured body 
section roentgenograms, not only of pul- 
monary lesions, but also of certain ones of 
the spine. I have had the opportunity to 
examine reproductions of the latter, and 
found that they revealed lesions undiscov- 
erable by standard methods. 

Several synonymous terms have been 
applied to the apparatus for “‘body section 
roentgenography.” These are “planigraph”’ 
(Andrews, Ziedses des Plantes), “‘strati- 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis. Presented before 
the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 

t Grateful acknowledgment is made to the authorities of the Norwich State Tuberculosis Sanatorium, Norwich, Conn., and to the 
Superintendent, Dr. Hugh B. Campbell, for their kindness in permitting Mr. Jean Kieffer to cooperate in the construction of the 


laminagraph. 
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Fic. 1. 4. Conventional roentgenogram of chest. Area of consolidation. Arrow indicates faintly 


Body Section Roentgenography 


marked dark area. B. Laminagram of preceding; cavity clearly shown. Partial cautery pneumo- 
nectomy. Death from sepsis. C. Photograph of lungs with extent of cavity clearly seen. 


graph” (Vallebona), “tomograph” (Gross- 
mann, Chaoul, and Twining), “x-ray fo- 
cusing machine” (Kieffer), and “lamina- 
graph,” (Kieffer-Moore). ‘“Planigraph” 
seems to be the accepted generic term as 
recommended by Andrews. In “body sec- 
tion roentgenography” an actual layer of 
tissue is recorded on the film. The thickness 
of the layer which can be clearly roent- 
genographed is dependent on the ampli- 
tude of the tube-film excursion, and the 
distance of the object or structure from the 
film. The minimum thickness of clarity of 
layer in laminagraphy is of the order of 2 to 
5 mm. It is to be understood that a quan- 
tum of the shadows of structures above or 
below the layer focused on are present in 
the planigraph in a degree proportionate to 
their distance above or below the selected 
layer and their distance from the film, and 
we have shown this in stereoscopic lamina- 
grams. 

The laminagraph follows the general 
mathematical principles which govern all 
the methods so far developed in “‘body sec- 
tion roentgenography.” In the Kieffer ap- 
paratus the tube and film move in synchro- 
nism in parallel planes in opposite direc- 
tions about a point which is adjustable for 
the plane or layer of the object to be roent- 


genographed. There are circular and spiral 
movements, and a longitudinal movement 
of the tube and film with transverse stag- 
gering of the tube during the longitudinal 
travel. The character of this long move- 
ment is similar to that of the much simpler 
tomograph, because the latter uses a recti- 
linear motion. So far the spiral movement 
has given the maximum of obliteration of 
overlying and underlying shadows, and the 
greatest detail in the roentgenogram. The 
long motion, which has been used very lit- 
tle, results in more distortion. The distor- 
tion is by elongation of the image of the ad- 
jacent layers roentgenographed in the direc- 
tion of the path of travel of the roentgen 
tube. Definition also’ seems less clear than 
in the circular or spiral movement. In the 
laminagraph, problems of diaphragming at 
the tube, and the employment of a grid have 
presented many difficulties. The former has 
been overcome. The wafer grid employed 
moves in only one direction with the film. 
The laminagraphic motion partially blurs 
the grid structure. 

In its clinical applications planigraphy 
confirms all that Grossmann, Chaoul and 
Bernard have claimed for its value in pul- 
monary diagnosis. With very limited clini- 
cal applications at the time of writing, there 
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is every reason to believe that “‘body sec- 
tion roentgenography” with the lamina- 
graph will be of as much value in other 
fields as it is in pulmonary diagnosis. 

The longitudinal tube-film travel of the 
apparatus has not yet been applied clini- 
cally, but only to test objects. In the ab- 


sence of experience with this type of move- 
ment I am of the opinion that Grossmann’s 
statement that this type of movement is all 
that is necessary for satisfactory “‘body 
section roentgenography” cannot be sus- 
tained. I believe that the combination of 
movement in the long axis of the body as 
designed for the laminagraph will prove 
superior to the tomographic method, pro- 
ducing more and clearer detail. However, it 


must be borne in mind that the very simple 
longitudinal movement devised by Twin- 
ing, applied to a standard roentgen table, 
produces very fine detail in roentgeno- 
grams of the spine. 

Of the movements in the Kieffer lamina- 
graph, the circular and spiral only have 


Fic. 2. Pulmonary abscess. Oper- 
ative confirmation. Death from 
sepsis. 4, conventional roent- 
genogram; B, laminagram at 7 
cm. level; C, photograph of 
lungs. 


been employed clinically. The circular 
movement allows more flexibility in tech- 
nique, but our experience has been that the 
elimination of confusing shadows is not 
equal to that of the spiral movement. In 
consequence our clinical applications have 
been almost exclusively with the latter. To 
date (July 15, 1937) laminagraphic exami- 
nation has been made only in the pulmo- 
nary area, the spine and head, and in‘2 
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Kic. 3. 4. Conventional bronchography in atelectasis of lung. B. Laminagram 
of same. Arrow indicates narrowing of bronchus. 


cases of the shoulder, and one of the sacro- 
iliac joints. In the pulmonary cases, all 
were examples of surgical lesions, more or 
less gross, chiefly of infectious nature. In 
several of them the aid supplied by this 
means was invaluable to the surgeon as to 
the existence, size, location and depth of 
the lesion. In all of them, though ribs and 
spine were not entirely eliminated by blur- 
ring, nevertheless a sufficient amount of 


lung field was bared of overlying rib shad- 
Ows as to increase greatly the area of the 
lung visualized. So valuable is this method 
of examination that Grossmann’s and Ber- 
nard’s claims in regard to it almost seem 
conservative. Cavitation in areas of con- 
solidation has been discovered by this 
means when its presence in the standard 
examination was not suspected (Figs. 1 and 
2). It is possible that with increase of 


Fic. 4. 4. Conventional roentgenogram of atelectasis of left upper lobe. B. Laminagram of same show- 
ing absence of bronchial branches in atelectatic area and dislocation of bronchial branches down 
ward. C. Photograph of lungs, bronchogenic carcinoma. 
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Fic. 5. Conventional roentgenogram of chest. 
Arrow indicates rounded projection from medi- 
astinum. Inset: Laminagram reveals this structure 
to be a calcified mediastinal node. 


knowledge and improvement in roentgen 
technique, finer and therefore earlier pul- 
monary lesions may be discovered than is 
at present possible. It seems not beyond 
the bounds of possibility that such things 
as non-opaque foreign bodies undiscover- 
able by present methods, or very early 
tumors, either benign or malignant, in the 
larger bronchical branches, may be shown 
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in suitably made laminagrams (Figs. 3 
and 4). 

The rectilinear movement of the lamina- 
graph, as has been pointed out by Kieffer, 
should be invaluable in demonstrating con- 
ditions about the hilum of the lungs. It 
should also add much to the information as 
to the state of the structures of the medi- 
astinum which lie between the sternum and 
spine, and are therefore relatively invisible 
when standard methods, even in the lateral 
projection, are used (Fig. 5). In the case of 
the skull we have so far been unsuccessful 
in accomplishing anything clinically with 
the laminagraph which could not be done 
with standard roentgenographic proce- 
dures. However, it is my hope'that with the 
apparatus in its completed state, many 
conditions in the base of the skull will be 


shown which are now always obscured by 


overlying shadows.* Laminagrams should 
aid materially in such conditions as petro- 
sitis of the temporal bone, conditions in- 
volving the temporomandibular joint (Fig. 
6) and deep-seated paranasal sinuses, to 
mention only a few anatomical regions. 
The laminagraph has been of invaluable 
service in the examination of the cervical 
spine, especially in the anteroposterior 


* Later experience has fully satisfied this hope. 


Fic. 6. 4. Conventional roentgenogram of osteomyelitis of ascending ramus of mandible. Prob- 
lematic involvement of the temporomandibular joint. B. Laminagram revealing an intact tem- 


poromandibular joint. 
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Kic. 7. 4. Conventional roentgenogram of cervical spine with extreme torticollis. 
B. Laminagram showing rotary dislocation of atlas. 


Fic. 8. 4. Conventional lateral roentgenogram of dorsal spine. Compression 
fracture of two vertebrae. B. Laminagram of same. 
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Fic. 9. 4. Conventional lateral roentgenogram of dorsal spine. B. Laminagram of same 
revealing fracture of the upper surfaces of the two highest vertebrae. 


Fic. 10. 4. Pott’s disease of spine. Conventional lateral roentgenogram without 
plaster cast. B. Laminagram of same through the plaster cast. 
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projection in cases of suspected trauma and 
tumor of the vertebrae (Fig. 7). In the dor- 
sal spine the articulating processes between 
the bodies of the vertebrae and the spinous 
processes can be and have been shown with 
the curved portions of the ribs eliminated 
on both sides, giving clear detail of these 
parts, as well as the bodies of the vertebrae 
(Figs. 8, 9 and 10). Injury or disease of the 
accessory parts of the dorsal vertebrae 
must occur, but as far as current roent- 
gen methods are concerned, they are non- 
‘existent. The reason for this is that the 
articulating and spinous processes are over- 
shadowed. In the lumbar spine the articu- 
lating processes of the vertebrae can be 
much more clearly shown than by standard 
methods and the spines of these vertebrae 
can be brought out more clearly than ever 
before. There is every reason to suppose 
that with severe symptoms at the lumbo- 
sacral junction devoid of roentgen findings, 
lesions can be demonstrated. For example, 
sacroiliac dislocation is rarely shown on the 
roentgenogram, and only when the dislo- 
cation is in a vertical direction. Lamina- 
grams should demonstrate a fore-and-aft 
and rotary dislocation at this joint. Of the 
joints of the extremities, only the shoulder 
has been investigated, and in both cases 
which we have had, small avulsion frac- 
tures from the rim of the glenoid fossa of 
the scapula with loose fragments of bone 
were demonstrated when they could not be 
visualized by standard methods. Though it 
has not been tried in the hip joint, similar 
small traumata should be discovered with 
equal facility. There is certainly enough 
evidence to indicate that this method 
should be employed in the investigation of 
all the joints of the extremities where 
the roentgenographic findings are nil and 
symptoms are present. 

So far there is no evidence that the plani- 
graphic examination of the abdominal con- 
tent will supersede present methods of 
examination, and it remains to be demon- 
strated that it is to be of aid in the absence 
of a natural or artificial contrast in density. 
The employment of this method in con- 
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junction with artificial contrast media, for 
example the opaque meal, may at some 
time in the future prove to be of value, but 
for the moment one must regard such a 
possibility with a great deal of skepticism. 

Experience has been too limited to per- 
mit anything but general statements as to 
the technique to be used in planigraphy. 
The general principles which hold in stand- 
ard roentgenography for the position of the 
patient, target-tube distance, the use of 
cone, the placing of the part to be investi- 
gated as close as possible to the film, etc., 
apply to planigraphy. Voltage require- 
ments seem to be identical with those for 
standard examinations. Time of exposure 
has to be determined by the type of motion 
employed in planigraphy with its necessary 
variation of the current. For the use of the 
complete spiral motion in the Kieffer lam- 
inagraph, four seconds are required. The 
minimum time of exposure for either the 
circular or spiral movement, as the lamina- 
graph is now constructed, is one second. 
Greater speed of exposure can be secured 
by modifying the apparatus. For the longi- 
tudinal motion with cross staggering of the 
tube, the maximum time is ten seconds. 

Choice of motion and consequent modi- 
fication of the time of exposure are de- 
pendent on the depth of the layer to be 
roentgenographed and the nature of the 
overlying and underlying media. 

Normal roentgen-ray exposure should 
precede a planigraphic examination as it 
may aid greatly in predetermining the 
depth of the layer to be roentgenographed. 
There is every reason to believe that pre- 
liminary roentgenography is essential and 
that therefore planigraphy will not super- 
sede, and cannot be substituted for the 
standard preliminary examination, 

Our practice has been to place the pa- 
tient so that the part to be examined is as 
close as possible to the film, e. g.,in the case 
of a chest, either supine or prone (as the 
apparatus is of the horizontal type) and to 
make a preliminary film, the apparatus 
being focused for the proper depth. Fol- 
lowing this, films are made at 1 or 2 cm. 
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depending on the thickness of the area to 
be roentgenographed, above or below the 
layer under scrutiny. This frequently re- 
quires, especially in an individual with 
great thickness of the chest, a number of 
exposures. In skeletal planigraphy the 
number of exposures is much less because 
of the fact that the layer to be roentgeno- 
graphed is usually much less than is the 
case with the thorax. 

The thickness of the layer that can be 
roentgenographed with the laminagraph 
can be predetermined and its least depth 
or thickness may be very small, 2 to 5 mm. 
It follows that small, dense areas or bodies 
masked by the volume of tissue in which 
they are situated, and invisible on the cus- 
tomary roentgenogram, can be discovered 
in laminagrams because of the proportion- 
ately less density contrast needed for their 
demonstration. 


Throughout this paper “planigraphy” has been 
used as the general term for body section roent- 
genography, which Andrews recommends because of 
its “temporal precedence.”’ I have reached the con- 
clusion that “planigraphy”’ is an unsuitable term. 
The “Oxford Dictionary”’ defines planigraph as an 
instrument for reducing or enlarging drawings. The 
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term is also used in the printing industry to indicate 
printing from a flat rather than a cylindrical surface. 

“Stratigraphy,” the name given by Vallebona, has 
geological connotations. ‘““Tomograph’”’ (Grossmann 
and Chaoul) is a trade name. 

These facts, coupled with consideration for the 
work of others, lead me to believe that “lamina- 
graph”’ would be a more desirable name for the par- 
ticular piece of apparatus with which this paper 
deals. “Body section roentgenography” (adopted 
from Andrews) appears to me to be the most suitable 
general term to be applied to this method of ex- 
amination, regardless of the type of apparatus used. 
Possibly “sectional roentgenography” or ‘‘ana- 
lytical roentgenography”’ might even be preferable. 
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VENTRICULAR CHANGES CAUSED BY PROVED 
TUMORS OF THE BRAIN* 


By ROBERT S. STONE, M.D., Associate Professor of Roentgenology, and 
FRITZ J. SCHULZE, M.D., Assistant in Roentgenology 


University of California Medical School 
SAN FRANCISCO, CALIFORNIA 


HE roentgenological demonstration of 

the ventricles has proved its value not 
only as a means of showing the presence or 
absence of an organic lesion of the brain, 
but also of localizing the lesion. Too fre- 
quently roentgenologists are satisfied with 
determining merely the side of the brain in- 
volved. The brain surgeon and the radiation 
therapist need to know as accurately as 
possible the exact anatomical location of 
the lesion, in order to determine the 
method of approach for surgery or radia- 
tion therapy. 

It has been assumed by many that tu- 
mors of the brain can be localized as simply 
by the defects which they cause in the ven- 
tricular shadows as lesions of the stomach 
can be localized by the defects which they 
cause. This is not true. In the present study, 
for instance, the anterior horn was dis- 
placed to the side opposite the tumor in 23 
instances, but in only 8 of these was the 
tumor localized in the frontal lobe. It is 
thus evident that a systematic survey of 
ventricular displacements and deformities 
should prove of value. 


GENERAL CONSIDERATIONS 


There are certain general considerations 
which must be taken into account in study- 
ing the displacements and deformities of 
the intracranial structures. 

1. Fluid Nature of the Brain. The sub- 
stance of the brain is semifluid in consist- 
ency and can be made to flow from one 
place to another within the cranium. Be- 
cause of this, the deformities which are 
produced are not so accurately related to 
the size or shape of the lesion as might be 
expected otherwise. In addition, there is 
distribution of the pressure exerted at any 


one point, more or less equally in all direc- 
tions. Neoplastic material is frequently less 
fluid than the substance of the brain itself, 
but tumors only occasionally encroach 
directly on the ventricles. 

2. Anatomy of the Fixed Structures (Fig. 
7). The wall of the cranium is rigid, allow- 
ing no expansion. In addition to the bony 
case there are the two main firm mem- 
branes within the cranium which limit the 
movements of the brain. The falx cerebri is 
attached superiorly to the vault of the cra- 
nium; inferiorly it is attached to the crista 
galli anteriorly and to the upper surface of 
the tentorium, along the midline posteri- 
orly. Consequently there is only a rela- 
tively small opening between the two halves 
of the cranial cavity, which opening is 
located beneath the middle third and the 
posterior half of the anterior third of the 
falx. Any dislocation of structures from one 
side to the other must take place through 
this opening. The anterior horns of the lat- 
eral ventricles lie on each side of the ante- 
rior third of this opening, while the vesti- 
bules and posterior horns extend well be- 
hind the posterior margin of the opening 
and consequently lie on each side of the 
falx. The third ventricle lies in the plane 
of the opening and is connected firmly at 
its inferior margin to the roof of the sella 
turcica. 

3. Actual Position and Size of the Tumor. 
A tumor causes a local deformity which is 
of localizing value only when it lies in 
fairly close proximity to a ventricle. Tu- 
mors at a distance from the ventricle dis- 
place the ventricular system by pressure 
and the displaced structures tend to pass 
through the opening in the falx, regardless 
of the original position of the tumor. If the 


* From the Department of Surgery, Division of Roentgenology, University of California Medical School, San Francisco, Read be- 
fore the Radiological Section of the California Medical Association at the Sixty-fifth Annual Session, Coronado, May 25-28, 1936. 
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tumor is small in size, the ventricular 
changes are frequently characteristic for 
the lobe in which it lies, but many tumors 
involve more than one lobe before being in- 
vestigated. 

4. Generalized Enlargement of the Brain 
on the Side of the Tumor. The side of the 
brain containing a tumor is frequently 
edematous and enlarged out of proportion 
to the actual size of the tumor. This more 
or less generalized enlargement causes de- 
formities and displacements which are 
greater than would be expected from a tu- 
mor of the size actually found. Because of 
this fact, tumors of the occipital lobe may 
cause a displacement of the anterior horns 
to the opposite side even when the tumor 
itself is relatively small and localized to the 
posterior portion of the brain. 


SYSTEMATIC METHOD OF EXAMINING 
THE VENTRICLES 


The anatomy of the ventricles is such 
that it needs to be reviewed frequently by 
any roentgenologist attempting to inter- 
pret ventriculograms. Though the anat- 
omy of this region can be found in any good 
anatomical textbook, there are some points 
of particular significance which should be 
borne in mind constantly. The anterior 
horns are technically those portions of the 
lateral ventricles which lie in front of the 
foramina of Monro. They curve inferiorly 
and laterally as well as projecting anteri- 
orly. The medial walls of the two do not 
meet except close to their posterior ends. 
When they meet they form the anterior 
edge of the septum pellucidum. The bodies 
of the lateral ventricles lie side by side with 
the septum pellucidum between them 
throughout the greater portion of their 
length. Their upper portions are more su- 
perior than any other portions of the ven- 
tricles. The thalamus projects anteriorly 
and medially into the body from the lateral 
wall of each so that they become much nar- 
rower than the anterior horns or vestibules. 
The vestibule is that portion of each lateral 
ventricle where the body, the posterior 
horn and the inferior horn meet. Some au- 


thors consider this as the posterior part of 
the body of the lateral ventricle. Others 
call it the ventricle triangle. For purposes of 
description it was decided to use the term 
vestibule, inasmuch as its displacements 
are different from the body proper. They 
spread out posteriorly, laterally and some- 
what inferiorly from the body, and lie on 
each side of the falx cerebri immediately 
behind its free margin. The posterior horns 
extend posteriorly, medially and usually 
inferiorly from the vestibules. They are 
very irregular in their development and are 
frequently bilaterally asymmetrical. The 
inferior or temporal horns extend anteri- 
orly, inferiorly and laterally from the ves- 
tibules and their tips usually curve medially. 
When air is injected into the ventricles 
they seldom all fill to their entire extent. It 
becomes necessary, therefore, in order to 
demonstrate the various portions of the 
ventricles, to turn the patient to such posi- 
tion as will allow the air to flow into each of 
the various portions in turn. At the Uni- 
versity of California Hospital, the roent- 
genological staff, in conjunction with the 
neurosurgical staff, has developed a rou- 
tine method of examination which accom- 
plishes this purpose. In addition to getting 
the air into the various horns, it has been 
found that right angle views can and 
should be taken in each and every position. 
The following are the projections made in 
the routine order, the roentgen tube being 
above or to the side of the patient’s head: 
1. Vertical, face up. 
Horizontal, face up. 
Horizontal, normal side down. 
Vertical, normal side down. 
Vertical, occiput up. 
Horizontal, occiput up. 
Horizontal, side with the lesion down. 
Vertical, side with the lesion down. 
g. Views of the third ventriclé or other 
special studies as indicated by a review of 
the foregoing films as soon as developed. 
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MATERIAL OF THE PRESENT STUDY 


The analysis here presented is based 
upon a review of the findings in 48 patients 
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on whom ventricular studies were made, 
and in whom the exact position of the 
lesion was determined by a subsequent op- 
eration or post-mortem examination. In 40 
of these, the air was injected directly into 
the ventricles (pneumoventriculography) 
and in 8 it was injected by the lumbar 
route (encephalography). The anatomical 
positions of the lesions were as follows: 
frontal lobe 12, motor cortex 3, parietal 
lobe 5, occipital lobe 6, temporal lobe 7, 
corpus callosum 2, third ventricle 4, mid- 
line basal 5 and subtentorial 4. Thus there 
were 33 patients in whom the tumor origi- 
nated on one side or the other of the mid- 
line above the tentorium. In 6 of the 33, no 
air entered on the side of the tumor. The 
locations of the lesions in these were: fron- 
tal lobe 3, occipital lobe 1 and temporal 
lobe 2. 


LESIONS OF THE FRONTAL LOBE 


In considering the deformities and dis- 
placements caused by tumors in each lobe, 
the purpose here is to study only those 
which seemed to give promise of being of 
diagnostic significance. Space-consuming 
lesions in the frontal lobe may conceivably 
displace the anterior horn backward or to 
the opposite side, may deform the anterior 
horn and may shift the septum pellucidum 
and the third ventricle to the same or to an 
unequal degree. These possiblities occurred 
in the present series in the following man- 
ner: 


1. Posterior displacement of the anterior horn 
(Figs. 2 and 3). This was found to be present in 
all g of the cases with lesions of the frontal lobe 
in which air entered the side of the tumor. It 
was absent in all of the 27 other patients with 
air on the side of the lesion. Thus, when the 
anterior horn is displaced posteriorly, it is 
diagnostic of a lesion of the frontal lobe on the 
side of the displacement. 

2. Displacement of the anterior horn toward 
the uninvolved side (Figs. 2 and 3). \n 8 of the 9 
cases witha lesion of the frontal lobe, the ante- 
rior horn was displaced partially or completely 
to the opposite side. This same condition was 
found in 15 of the other 18 cases having de- 
finitely lateral tumors. Such displacement, 
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therefore, is diagnostic of the side of the lesion 
but not of its location. 

3. Deformities of the anterior horn (Fig. 3). 
By deformities, we mean changes in the out- 
line other than those incident to displacement. 
Such deformities of the anterior horn were 
present in 7 of the g patients with lesions of 
the frontal lobe. This horn was deformed in 4 


Fic. 1. Median sagittal plane of the skull and con- 
tents with the position of the ventricles indicated. 
Note that the corpus callosum, septum pelluci- 
dum, third ventricle and pineal body are the main 
structures lying within the opening of the falx. 
The anterior horns and parts of the bodies of the 
lateral ventricles lie on the same horizontal level 
as this opening.* 


of the 18 patients with other lesions. This find- 
ing is therefore more common in tumors of 
the frontal lobe, but it is not limited to such 
lesions. 

4. Relative shifts of the third ventricle and the 
septum pellucidum (as seen tn the vertical view 
with the face up) (Fig. 2). Both these structures 
lie below the falx in the opening between the 
two sides and hence are subject to easy dis- 
placement. Inasmuch as the septum pellucidum 
extends farther anterioriy and superiorly than 
the third ventricle, it is to be expected that the 

* Nearly all of the prints have been retouched by drawing 


lines around the outlines of the ventricles in order to make them 
show up more clearly. 
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two may not shift to the same extent. More- 
over, since the third ventricle is fixed at its 
inferior edge, it tilts rather than shifts as a 
whole. When “shift” is referred to, the shift 
of the superior portion is meant. The difference 
in this shift is best seen in the vertical projec- 
tion with the face up. The location of the sep- 
tum pellucidum may be determined even when 
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noted that the septum pellucidum was dis- 
placed more toward the side containing the 
tumor than was the third ventricle in 8 of 
the 12 patients with lesions of the frontal 
lobe. Such a relative shift was seen in only 
1 other patient who had such a large tumor 
that while it originated in the occipital lobe 


Fic, 2. Lesion of the right frontal lobe. In the vertical projection, face up, and its accompanying horizontal 
projection, face up, note that the right anterior horn is displaced posteriorly and to the uninvolved side; 
the septum pellucidum is displaced more than the third ventricle; the superolateral angle of the body is 
sharp and pointed superiorly and laterally. In the vertical projection, face down, and its accompanying 
horizontal projection, face down, note that the body is narrowed vertically where it passes under the falx. 


air is in one of the lateral ventricles. The third 
ventricle frequently fills with air even when the 
lateral ventricle on the side of the lesion does 
not. 


In 29 of the 33 patients both the third 
ventricle and the septum pellucidum were 
shifted to the uninvolved side. Hence such 
a shift in itself is not significant. It was 


it had displaced the anterior horn entirely 
to the opposite side. The shift of the vesti- 
bule left no doubt as to the localization of 
that tumor. This greater shift of the sep- 
tum pellucidum is extremely significant. It 
can help in the localization of the lesion to 
the frontal lobe as well as to a given side, 
even when no air has entered the ventricle 
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on the side of the lesion. In conjunction 
with other findings it is diagnostic. 


LESIONS OF THE MOTOR AREA 


Lesions involving the motor area pri- 
marily, usually give early clinical evidence 
of their presence. They may cause a de- 
formity of the lateral and superior surfaces 
of the body of the ventricle, a depression 
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2. Depression and blunting of the superolateral 
angle of the body (Fig. 4). This finding was pres- 
ent in 2 of the 3 patients. In the third patient 
the angle was depressed but not blunted. In 
only 1 other case of the series was this depres- 
sion with blunting seen. This patient had a 
tumor of the posterior part of the superior 
frontal gyrus close to the motor area. Thus, 
when present, this sign is of localizing signifi- 
cance. 


Fic. 4. Lesion of the right motor cortex. Note the depression with blunting of the superolateral angle of the 
body as seen in the vertical projection, face up, with very little deformity or shift of any other structure. 


and blunting of the superolateral angle of 
the body and a displacement of the body to 
the opposite side:.In the present series 
these changes were noted as follows: 

1. Deformity of the lateral or superior sur- 
face of the body of the ventricle. This finding was 
present in only 1 of the 3 patients but in the 
other 2 the body was almost completely dis- 
placed across the midline and therefore local 
deformity did not show, 


3. Body of the ventricle displaced to the unin- 
volved side (Figs. 2, 3, 5 and 6). In 23 of the 33 
patients with a tumor of the cerebral hemi- 
sphere the body of the ventricle was displaced. 
In 7 of the remaining Io it was not demon- 
strated on the side of the tumor. It is therefore 
obvious that the displacement of the body is 
of no localizing value except as to the side on 
which the tumor lies. It is well to recall at this 
point that, at the junction of the body and 
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vestibule, the falx comes between the two sides, 
so that when a ventricular body is displaced 
to the opposite side there is considerable de- 
formity at the point where it crosses the mid- 
line. This deformity is seen in a great number 
of cases as a vertical narrowing of the posterior 
part of the body. This narrowing does not in- 
dicate pressure from a tumor at that point. 


TUMORS OF THE PARIETAL LOBE 


Tumors arising in the parietal lobe may 
cause a localized depression of the superior 
surface of the posterior part of the body 
and the vestibule and a downward dis- 
placement of the vestibule. 

Localized depression of the supertor surface 
of the posterior part of the body and vestibule. 
This was present in all 5 cases of tumor of the 
parietal lobe, and in 1 the superior wall was 
flattened to a horizontal position. It was present 
in no others except those cases in which the 
tumor secondarily invaded the parietal lobe. 
Thus, a depression with flattening of the upper 
surface of the vestibule and the adjacent por- 
tion of the body is diagnostic of a tumor of the 
parietal lobe. Caution must be exercised in dif- 
ferentiating between this finding and that de- 
scribed above as resulting from the passage of 
the posterior part of the body underneath the 
~~ margin of the falx. 

Downward displacement of the vestibule. 
This was present in all 5 cases of tumor of " 
parietal lobe. It was also present in 3 of ¢ 
cases of tumor of adjacent lobes. In these - 
the tumor involved the superior surface of the 
cerebrum. This finding is therefore significant 
of tumor in the parieto-occipital region. 


TUMORS OF THE OCCIPITAL LOBE 
Tumors arising in the occipital lobe may 
cause obliteration of the posterior horn, 
displacement of the posterior horn, ante- 
rior displacement of the vestibule, displace- 
ment of the third ventricle to a greater de- 
gree than the septum pellucidum, and 


deformity of the temporal horn. 


1. Obliteration of the posterior horn (Fig. 5) 
The size and shape of the posterior horn is so 
uncertain and indefinite, and bilateral sym- 
metry is so unusual that it is very difficult to 
determine whether the posterior horn is ob- 
It is also very diffi- 


literated or is rudimentary. 
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face up) 


cult, for the same reasons, to determine de- 
formities of the posterior horn unless they are 
extremely marked. Thus, either of these find- 
ings is of little diagnostic value 

Displacements of the posterior horn. The 
posterior horn was demonstrated on the side of 
the tumor in only 1 of the 6 patients having a 
tumor of the occipital lobe. In that patient the 
posterior horn was displaced medially and an- 
teriorly. Two patients with tumors arising in 
the parieto-occipital region showed compres- 
sion and displacement of the posterior horn, 
and 2 with the tumor arising in the posterior 
part of the corpus callosum and extending into 
adjacent lobes showed displacement. Displace- 
ments of the posterior horn are therefore not 
diagnostic of tumor arising in the occipital 
lobe but do indicate an invasion of that lobe. 

Anterior displacement of the vestibule 
(Figs 5 and 6). This was present in 4 of the 6 
patients with tumor of the occipital lobe. It 
was not present in any of the others. It is 
therefore diagnostic of lesions of the occipital 
lobe. 

4. Third ventricle displaced more than the sep- 
tum pellucidum (as seen in the vertical projection, 
(Fig. 6). The third ventricle was dis- 
placed to the opposite side to a greater extent 
than the septum pellucidum in 3 patients with 
tumor of the occipital lobe, in 3 patients with 
tumor of the temporal lobe, and in 1 patient 
with a tumor arising in the posterior part of the 
parietal lobe. This finding was not present in 
any of the cases in which the frontal lobe or 
the motor area was involved. It is therefore 
diagnostic of tumors arising in the parietal, 
temporal or occipital regions. 

5. Deformity and displacement of the temporal 
horn (Figs. 5 and 6). The temporal horn was 
narrowed in 2 of the 6 patients having tumor 
of the occipital lobe; it was displaced supe- 
riorly and anteriorly in 2 and was not demon- 
strated at all in 2. Thus the temporal or in- 
ferior horn is frequently deformed or displaced 
by tumors of the occipital lobe. 


TUMORS OF THE TEMPORAL LOBE 
Tumors of the temporal lobe may con- 
ceivably cause complete or partial oblitera- 
tion of the temporal horn, deformity and 
displacement of the temporal horn and 


sharp angulation of the superolateral angle 


of the body. 
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1. Obliteration of the temporal horn, partial or 
complete. This finding was seen in 3 of the 7 
patients having a tumor arising in the temporal 
lobe. In 2 others, the temporal horn was de- 
formed and displaced but not obliterated, and 
in the remaining 2 there was no air on the side 
of the tumor. In the patients with tumors 
located elsewhere, true obliteration of the 
temporal horn was present in only one. That 
patient had a tumor of the frontal lobe which 
invaded the temporal lobe. Great care must be 
taken in carrying out the roentgenographic 
examination and in interpreting the resultant 
roentgenograms in order to be sure that the 
absence of air from the temporal horn is not 
the result of faulty technique. True oblitera- 
tion of the temporal horn is diagnostic of a 
tumor arising in or invading the temporal lobe. 


2. Deformity and displacement of the temporal 
horn. This finding was present in 2 of the 6 
patients, but it was also present in 3 patients 
with tumor of the parietal lobe, in 4 with tumor 
of the occipital lobe, and in 2 with centrally 
placed basal tumors. It is not diagnostic of 
tumors of the temporal lobe. 


3. Sharp angulation of the superolateral angle 
of the body (Fig. 2). Torkildsen and Pirie! sug- 
gested that a concavity of the upper surface of 
the body of the ventricle on the side of the 
tumor, with a consequent acute superolateral 
angle, was of significance in the diagnosis of 
tumor of the temporal lobe. In the present 
series, 5 patients with tumor of the temporal 
lobe had sufficient air to demonstrate the body 
of the ventricle. Three of these showed sharp 
angulation of the superolateral angle. A some- 
what similar finding was present in 6 of g pa- 
tients with lesions of the frontal lobe. Such 
angulation is therefore apparently significant 
of a tumor of either the frontal or temporal 
lobe and, together with the other localizing 
signs, is diagnostic. 


OTHER TUMORS 


Tumors other than those originating in 
the lateral parts of the brain above the ten- 
torium have been included mainly for the 
purpose of determining whether they cause 
similar changes. A further study of these is 

' Torkildsen, A., and Pirie, A. H. Interpretation of ventriculo- 


grams, with special reference to tumors of temporal lobe. Am. J. 
Roentoenor, & Rap. THERAPY, 1934, 32, 145-153. 


contemplated. For the present only the fol- 
lowing characteristic findings are men- 
tioned. 

Tumors of the corpus callosum almost 
always cause an increased distance between 
the lateral ventricles, displacing both of 
them laterally. 

Tumors of the third ventricle cause a 
bilateral dilatation of the lateral ventricles 
with an associated obliteration of the third 
ventricle, or dilatation of the anterior end 
only. They sometimes cause a filling defect 
in the third ventricle. 

Some intraventricular tumors were de- 
tected by the presence of a filling defect in 
a distended ventricle. 

Subtentorial tumors cause a uniform dil- 
atation of the lateral ventricles, the third 
ventricle and occasionally the aqueduct 
and fourth ventricle. At times a displace- 
ment of the aqueduct to the uninvolved 
side can be demonstrated. In one case of 
our series, the tentorium was elevated on 
the side of the tumor with a consequent de- 
formity of the inferior surface of the pos- 
terior horn and vestibule. 

The statements made with regard to the 
diagnostic value of the various displace- 
ments and deformities may seem too dog- 
matic for the limited number of cases 
reviewed. They have been made so inten- 
tionally in order that further studies by 
ourselves or others may prove or disprove 
them. 


We wish to express our thanks to the members 
of the surgical service of Howard C. Naffziger and 
to the members of the pathological service of C. L. 
Connor for their cooperation in allowing us to use 
the operative and post-mortem findings. 


CONCLUSIONS 


1. Nearly all tumors of the cerebral 
hemispheres cause more or less marked 
displacement of the anterior horns and 
bodies of the ventricles and of the septum 
pellucidum to the uninvolved side. Such 
displacements are diagnostic only of the 
side of the tumor. 

2. A displacement of the septum pel- 
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lucidum to a greater extent than that of 
the third ventricle is diagnostic of a tumor 
arising in the frontal lobe. 

3. A displacement of the third ventricle 
to a greater extent than that of the septum 
pellucidum indicates that the tumor lies in 
the parietal, temporal or occipital lobe. 

4. Posterior displacement of the ante- 
rior horn is diagnostic of a tumor arising in 
the frontal lobe. 

5. Depression, with blunting of the su- 
perolateral angle of the body of the ventri- 
cle, is characteristic of a tumor arising in 
or near the motor area. 

6. A localized depression of the superior 
surface of the vestibule and the adjoining 
portion of the body of the ventricle is seen 
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only in tumors involving the parietal lobe. 

7. Anterior displacement of the vesti- 
bule is indicative of a tumor of the occipi- 
tal lobe. 

8. A complete or partial obliteration of 
the temporal horn is indicative of tumor 
involving the temporal lobe, but displace- 
ments of the temporal horn may be caused 
by tumor of other lobes. 

g. An acute angulation of the supero- 
lateral angle of the body of the ventricle 
which points superiorly and laterally is 
found in tumors of the frontal and tem- 
poral lobes. 

10. A separation of the lateral ventricles 
indicates a tumor involving the corpus cal- 
losum. 
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ROENTGEN STUDY OF THE SKULL IN EPILEPSY* 


By HERMAN CHOR, M.D., and EARL E. BARTH, M.D. 


CHICAGO, ILLINOIS 


“THE diagnosis of epilepsy can be made 
in most instances from the data sup- 
plied by the patient’s history. The neuro- 
logic examination can, as a rule, establish 
the nature of the convulsive disorder as 
being associated with organic brain disease 
or belonging to the group designated as 
idiopathic. Frequently, however, addi- 
tional information is necessary to verify the 
clinical impression or aid in arriving at a 
correct diagnosis. Roentgen examination of 
the skull has on many occasions supplied 
helpful information concerning intracranial 
pathology in convulsive disorders and 
merits due consideration as a valuable pro- 
cedure in their study. 

In so-called “organic epilepsy,” recur- 
rent convulsions associated with demon- 
strable involvement of the intracranial 
contents, roentgenograms may reveal the 
exact location of the lesion. Thus calcifica- 
tion in tumors, cysts or old hemorrhages 
is frequently encountered. Erosions, frac- 
tures or defects of the vault, or thinning of 
commonly recognized landmarks may call 
attention to pathology of a particular area 
of the brain. Abnormal vascular markings, 
particularly if unilateral, may be significant 
when correlated with the clinical findings. 

Not infrequently the roentgenograms of 
the skull may reveal evidence of organic 
brain disease in cases where the history and 
neurologic examinations have indicated 
that the condition was an idiopathic or 
functional epilepsy. As a result, roentgen 
examination of the skull has become a 
routine and important procedure in the in- 
vestigations of convulsions. Furthermore, 
in cases of longstanding recurrent seizures, 
recalcitrant to therapy, a recheck of the 
skull by roentgenography may reveal 
changes which were not demonstrable in an 
earlier series of roentgenograms. Slowly 
growing tumors or organizing cysts may 


give rise to just such a sequence of events. 

In general, it has been found that a 
roentgen examination of the skull in epilep- 
tics usually gives a negative result. Never- 
theless, a number of positive findings have 
been reported, and consequently particular 
attention should be paid to this method of 
examination. According to Kohler,” there 
have been found basal hyperostoses of the 
anterior fossa of the skull, deepening of the 
digital impressions, deepening of the pac- 
chionian cavities, enlargement of the veins 
of the diploe (Brechet’s canals), thinning 
of the wall of the cranium over the parietal 
portion, and alterations in the sella turcica. 
Others have reported fissures, defects of 
bone, anomalies in form and size of the 
skull, circumscribed hyperostoses of the 
cranial wall, luetic diseases of bone (osteo- 
porosis, osteosclerosis), localized lesions of 
the brain (calcified encephalitic lesions), 
calcified cysticerci, calcified tumors of the 
brain, etc. Schiller and Redlich®® studied 
the skulls of epileptics and reported on 28 
cases. The most frequent skull changes oc- 
curred in those cases of epilepsy following 
traumata (10 cases of the 28). They de- 
scribed fissures, defects, depressed frac- 
tures, thinning or thickening of the skull 
wall, and projections. In a second group of 
skull changes in epilepsy, anomalies in 
shape and size were noted.* Malformation 
of the skull (holes, porocraniosis, cerebral 
hernia), microcephaly and pseudomicro- 
cephaly, hydrocephalus, and craniostenosis 
in consequence of premature synostosis were 
found. Hyperostoses, thickening of the skull 
and lines of the skull were also mentioned. 

In a study on epilepsy being conducted 
at the Northwestern University Medical 
School roentgenograms of the skull were 
taken routinely. In this series the roentgen- 
ograms of go patients were analyzed. Table 1 
gives asummary of the significant findings. 


* From the Departments of Nervous and Mental Diseases and Radiology, Northwestern University Medical School; The Minnie 


Frances Kleman Memorial Fund, Chicago. 
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INTRACRANIAL CALCIFICATIONS 


Intracranial calcifications are revealed 
by the roentgenograms quite frequently. 
Some of them are looked upon as being 
physiologic, such as calcifications of the 
pineal body, the choroid plexis, the falx 
cerebri, the attachment of the tentorium, 
and the pacchionian granulations. The dep- 
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per cent of patients over twenty showed 
this feature). The significance of this calci- 
fication deserves comment in view of the 
fact that the presence of calcareous de- 
posits in the pineal body is usually re- 
garded as physiologic and not pathologic. 
Thus, Sosman” reported visible pineal cal- 
cification in 60 per cent of adults aged more 


TABLE | 


ROENTGEN FINDINGS IN NINETY CASES OF EPILEPSY 


Total 
Calcifications 

4. Elsewhere in meninges (including pac-| 

5. Cerebral calcifications (subcortical hema- 

tomas, cysts, tumors)... 3 
Factures—erosions—bony defects (osteo- 

Prominent vascular markings... 
Abnormally shaped 
Dolicocephaly or suggestive.............. 4 
Oxycephaly or suggestive................) 3 
Exostoses or bony growth................ I 
Digital I 
Alteration in sella turcica................ | I 
Sutures with unusual appearance.........| 19 


osition of calcium in these structures has 
been associated with involutional proces- 
ses. Regressive changes start in childhood 
and gradually increase with advancing 
years, becoming pronounced and charac- 
teristic in old age. They consist mainly 
of hyalin degeneration, connective tissue 
increase, and vascular occlusion with sec- 
ondary calcification. Pathological calcifi- 
cations are those occurring in tumors, hem- 
orrhages, cysts and other lesions. 


PINEAL CALCIFICATIONS 


The pineal body was visualized in 50 
Cases, or §5.5 per cent (25.8 per cent of pa- 
tients under twenty years of age and 74.2 


Organic Group—45 Cases 


[Inflammatory Miscellaneous 
Traumatic | (encephalitis | (tumor, vas- Care 
19g Cases | meningitis) | cular, etc.) 45 Sates 
| 12 Cases 14 Cases 
| 
13 | 6 7 24 
I I | fe) 9 
2 3 I 5 


>) 


| 
I fe) 2 fe) 
| 
6 e) I I 
2 2 I 5 
fe) I fe) 
I 
I fe) re) 
fe) | re) I 
6 | I I II 


than twenty years. He found such calcifica- 
cations as early as the age of ten years. 
Naffziger!’ found the pineal body visual- 
ized in 45 per cent of a series of 215 skulls. 
Vastine and Kinney* examined 616 cases 
and found the pineal body to be visualized 
in 47.9 per cent of all cases, 19 per cent of 
the cases under twenty years of age. Dyke,’ 
in his survey of 3,000 consecutive skulls, re- 
ported visible pineal body in 51 per cent of 
all cases, visualization occurring in 20 per 
cent of those under twenty years of age and 
59 per cent of those over twenty years of 
age. Murphy’® found it visualized in over 
40 of a 100 consecutive cases, and Beals? 
in 60.6 per cent of 86 cases. The percentage 
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reported is about the same for males as for 
females. 

Vastine has called attention to the fact 
that the visualization of the pineal body is 
dependent upon the technique employed— 


Fic. 1. Dense calcification in the pineal body and in 
the falx. Female, aged seventeen. History of 
encephalitis at fourteen years, during which pa- 
tient had her first convulsion. Grand mal attacks 
have persisted. 


the better the films, the more frequently 
the pineal body is visualized. He adds that 
visualization of the structure per se is of no 
probable significance, but a visible pineal 
body serves as a landmark which occupies 
a certain normal position, and hence when 
occurring beyond this normal range may 
indicate intracranial pathology causing 
displacement. This is usually referred to as 
the “pineal shift,” first alluded to by Schiil- 


ler in 1918 and further elaborated upon by 
Naffziger and by Vastine and Kinney. 

Although at the present time the above 
interpretation of pineal calcification is gen- 
erally accepted, further study may alter 
this impression. The degree of calcification, 
particularly where a marked deposit occurs 
in children, may be found to be associated 
with other evidence of disturbances in 
growth metabolism (see Fig. 1). Such in- 
vestigations are known to be in progress 
and may yield helpful information. 


CHOROIDAL CALCIFICATION 


Calcification of the choroid plexus was 
visualized in I1 cases, or 12.2 per cent of 
this group. The deposition of calcium, al- 
though frequently demonstrable micro- 
scopically, is not always revealed in the 
roentgenogram. Calcification in the choroid 
plexus was first noted in roentgenograms 
by Schiller?® and by Heuer and Dandy.” 
It occurs at the glomus, which is that por- 
tion of the plexus located at the bend in 
the lateral ventricle, where the body of the 
ventricle divides into the posterior (occip- 
ital) and inferior (temporal) horns. 

The glomus in each lateral ventricle is 
located about 2.5 cm. lateral to the mid- 
line as seen in the anteroposterior view. On 
lateral views the center of the calcified area 
is to be seen about 1 cm. behind and 0.5 cm. 
above the pineal shadow. Definite proof 
that the areas of calcification seen on the 
roentgen films were actually in the choroid 
plexuses was furnished by Heuer and Dan- 
dy, and more recently by Beals, who had 
occasion to verify this finding by post- 
mortem examination. 

On the roentgenogram the deposit of 
lime usually has a characteristic appear- 
ance as a small cluster of ring-shaped 
shadows. When calcium is laid down more 
abundantly, it is seen as a cluster of dots 
resembling a popped kernel of corn and 
may reach a size of I cm. or even more. 
When the cluster extends anteriorly in the 
choroid plexuses into the body or temporal 
horns of the lateral ventricles, the shadows 
may take on a crescentic shape. 
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Dyke’ found calcification of the choroid 
plexus in 5.1 per cent of 2,724 roentgeno- 
grams of the skull. Up to the age of forty 
years it may be found in 2 per cent, be- 
tween forty and eighty years the percent- 
age is higher, 9.4 per cent. The calcification 
is almost invariably bilateral usually in the 
glomus, rarely some is visible in the third 
ventricle. No calcification has ever been 
described in the choroid plexus of the 
fourth ventricle. 

As reported by Camp,’ unilateral calcifi- 
cation may occur and in such instances is 
often confounded with a calcified pineal 
body, especially in the lateral view, and 
even in an anteroposterior view it may be 
mistaken for a displaced pineal gland (see 
Fig. 2). Unilateral calcification also may be 
confounded with calcification in a brain 
tumor. 

Beals, in an examination of the skull 
roentgenograms in 86 patients all above 
the age of twenty years, found a choroid 
shadow in 28 per cent. He noted that in 
general the more plainly visible shadows 
occurred in the older patients and also in 
those with the more pronounced pineal 
shadows. He considered those deposits 
normal and suggested application of a 
shift from their normal position as a finding 
analogous to a shift of the pineal shadow. 

In our group of go epileptics there was 
calcification of the choroid in only one case 
under twenty years of age. This patient 
was thirteen years old. The other 10 cases 
were in the older group. Five patients had 
calcification in both the pineal body and 
the choroid plexus. These patients were all 
in the older group. 


CALCIFICATION IN THE MENINGES 


Calcification in the falx occurred in 11 
cases, or 12.2 per cent. This is not an un- 
common finding, especially in persons over 
thirty years of age. Dyke’ reported calcifi- 
cation in the falx in about g per cent of 
skulls. Calcification is most common in the 
frontal portion of the falx cerebri close to 
the frontal bone. It is best seen in a pos- 
teroanterior view, where it appears as a 
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dense linear shadow in the midline (see 
Fig. 1). It may extend posteriorly as a con- 
tinuous plate involving the entire falx. Fre- 
quently, however, irregular and isolated 
plaques occur in the posterior portion of 


Fic. z. Unilateral calcification in the choroid plexus 
—right side. Female, aged thirteen; history of 
encephalitis at twenty-two months of age. Con- 
vulsions occurred during this illness and have re- 
curred periodically. 


the falx. Of the 11 cases in this series which 
showed calcification in the falx, 3 were un- 
der twenty years of age, the youngest 
being sixteen. In 6 there were calcifications 
in: both the falx and the pineal; in 1, both 
the falx and the choroid plexus, and in 2, 
all three of these structures had calcium 
deposits. Calcification of the meninges on 
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Fic. 3. Extensive calcium deposit in right temporo- 
parietal area. A. J., male, aged twenty-five, birth 
history, development and childhood normal. When 
thirteen years of age patient fell on the ice and 
was unconscious for several hours. He made a 
good recovery, however, and showed no sequelae 
until one year later, when he had first grand mal 
convulsion. Repeated examinations failed to re- 
veal any evidence of focal brain damage. Convul- 
sions continued for ten years. Roentgen studies 
had not been made until the recent restudy of the 
case. The above lesion was then revealed. Opera- 
tion was performed by Dr. Loyal Davis, on Febru- 
ary 6, 1935, and a large calcified mass was re- 
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the lateral aspect of the brain occurred in 6 
cases. The occurrence of such calcifications 
in cases where there is a history of illness 
in childhood suggests the possiblilty of an 
old meningitis or meningo-encephalitis. 
Calcification of pacchionian bodies is rela- 
tively uncommon. According to Fay,’ pa- 
thology involving the subarachnoid villi 
and pacchionian bodies is frequently pres- 
ent in epilepsy. Winkelman® reported 
absence, improper development, acute re- 
actions, and fibrosis of these structures as 
a common finding (80 per cent of 240 brains 
studied). Calcification of the pacchionian 
bodies may occur along with fibrosis as an 
expression of degeneration of these struc- 
tures. In the present study not one instance 
of calcification of the pacchionian bodies 
was revealed in the roentgenogram. 
Among the pathological calcifications 
encountered in the investigation of organic 
epilepsy are calcified cysts. Craig and Ker- 
nohan® have noted that calcified cysts are 
frequently the result of a subcortical he- 
matoma and are encountered at an age 
where spontaneous hemorrhages are likely 
to occur. An excellent example of this type 
of lesion occurred in the present series. The 
roentgenograms and synopsis of this case 
are presented in Figure 3. Geyelin and Pen- 
field’? reported a very unusual occurrence 
of cerebral calcification in epilepsy occur- 
ring in a father and all four of his children. 
Roentgenograms revealed discrete patches 
of calcification scattered through the brain, 
situated in general near the convexity of 
the cerebrum. The calcium was laid down 
about the fissures and gave the impression 
of umbilication or furrow formation. Wide- 
spread calcification of the cerebral blood 
vessels was found on microscopic examina- 
tion. The authors proposed the terms “‘cere- 


moved. Diagnosis by the pathologist was calcified 
subcortical hematoma. Since operation, this pa- 
tient has had no loss of consciousness, although he 
has an occasional attack of confusion and symp- 
toms similar to the aura formerly experienced with 
the grand mal attacks. This case is an excellent 
example of the value of roentgen studies as a 
routine measure in the investigation of epilepsy. 
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bral calcification epilepsy” and “‘endarteri- 
tis calcificans cerebri” for this hitherto 
undescribed disease. 

Calcium deposits are common in brain 
tumors. Meningiomas and'suprasellar cysts 
(craniopharyngeal pouch tumors)  fre- 
quently show calcification, and their loca- 
tion may be outlined by the roentgenogram. 
The frequency of convulsions with brain 
tumor justifies mention of this group of 
lesions under the consideration of organic 
epilepsy. 

Calcification of intracranial blood ves- 
sels may be apparent in some instances. 
This is particularly true of the internal 
carotid artery, found by Dyke to be visual- 
ized in 1.3 per cent of his series of 3,000 
skull roentgenograms. Aneurysms also may 
show calcifications, usually in the form of 
plaques, semilunar in shape with their con- 
vexity upward. Associated with such calci- 
fication is often some erosion of the bone 
adjacent to the aneurysmal sac (Sosman 
and Vogt?*). Occasionally calcification oc- 
curs in the pituitary gland, and this may 
be confused with vascular calcification. 


ABNORMALLY SHAPED SKULLS 


A deviation in the size and shape of the 
skull sufficient to warrant attention was 
found in 7 cases, or 7.7 per cent of this 
series. Dolicocephaly was marked in 2 
cases and suggestive in 2 others. Three 
cases showed oxycephaly. Simon, Ramos 


Fic. 4. 


Dolicocephalic skull. (Case of 
functional epilepsy.) 
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Fic. 5. Digital markings. (Patient, aged four.) 


and Eldridge*! have commented upon the 
occasional association of oxycephaly with 
epilepsy and feeble-mindedness. Some have 
thought that the mental defect and con- 
vulsions were due to brain damage, second- 
ary to chronic intracranial hypertension 
dependent upon the oxycephaly. On the 
other hand, the abnormality in skull de- 
velopment may, be an expression of faulty 
development or degeneration, the patient 
frequently showing other stigmata in ad- 
dition to feeble-mindedness and epilepsy. 

Dolicocephaly results from synostosis 
(early closure) of the sagittal suture. The 
anteroposterior diameter is therefore in- 
creased, giving rise to the characteristic : 
shape. Figure 4 is an excellent example of as. 
this type of skull. The patient, a young 
woman of thirty-two, has had grand mal at- 
tacks since twelve years of age. She belongs 
to the group of functional epilepsy. 


DIGITAL MARKINGS 


“Digital markings” visible in the skull 
roentgenograms have been looked upon as 
a common feature of increased intracranial 
tension. It has been thought that this “‘fin- 
ger printing” of the skull results from con- 
volutional impressions of long standing. It 
is known, however, that children normally 
have similar markings which may persist 
up to the twentieth or twenty-fifth year. 
Digital markings are visible in the skull of 
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Fic. 6. Numerous areas of erosion involving the right 
frontal and to a less extent the right posterior 
parietal regions. Numerous calcium deposits at 
periphery (probably in meninges) in right parietal 
area. Granular deposit in pineal. A. R., female, 
aged thirty-one. She has had recurrent grand mal 
convulsions since the onset of menstrual periods 
at age of thirteen. They occurred about once a 
month, usually at time of menses. Birth history 
and childhood development apparently were nor- 
mal except for some mental dullness. Injury to 
right side of head occurred at age of twenty. 
During the past two or three years the patient 
has been having frequent petit mal attacks, ag- 
gravating headaches, and mental and emotional 
symptoms. Neurologic examination revealed slight 
left-sided weakness, especially of facial muscula- 
ture, slowness in speech and mental dullness. 
Visual field examination showed a left homony- 
mous hemianopsia. This patient was operated on 
January 28, 1935, and multiple cysts were found 
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the child and resemble those appearing as 
a result of increased intracranial pressure, 
except that there is no widening of the su- 
tures or bulging of the fontanelles. 

In this study only one case showed such 
an appearance and this patient was four 
years of age (Fig. 5). In our experience we 
have found it hazardous to ascribe patho- 
logic symptoms to the presence of a few 
digital markings without other evidence of 
intracranial hypertension. Furthermore, it 
is always a problem to know what extent of 
convolutional markings is to be considered 
as normal in children of the same age. 


THE SELLA 


Attempts have been made to correlate 
the size of the sella with many maladies, in- 
cluding epilepsy. In general, however, it 
appears that there is no evidence to sup 
port such a correlation, inasmuch as most 
studies reveal the size of the sella in epilep- 
tics well within the normal limits. Our find- 
ings support this conclusion. Worthy of 
mention also is the occurrence of cases in 
which the anterior clinoid processes are 
fused with the posterior processes, or ap- 
pear to be. One should be cautious in ar- 
riving at such a conclusion, inasmuch as 
overlapping of the clinoid process may be 
produced on the roentgenogram by faulty 
position and may be misinterpreted as a 
“bridged sella.”’ In one case in the present 
study there was a bridging over of the sella. 
Some have claimed this finding to be path- 
ognomonic for epilepsy, an opinion which 
we, along with many others, are unable to 
support. 


with pouching of the brain and meninges into the 
eroded areas of the skull. A large porencephaly 
was present. There was considerable atrophy of 
parts of the brain over which regions were lakes of 
fluid. A large amount of degenerated material was 
removed. Postoperative period was uneventful. 
For several months following operation patient 
showed remarkable improvement. Her headaches 
were relieved and she was more alert mentally and 
much happier. Her convulsions persisted, however. 
More recently, she has had an aggravation of her 
condition. 
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FRACTURES, EROSIONS, AND BONY DEFECTS 


The common association of head trauma 
and epilepsy makes the roentgen study of 
the skull of considerable value. Fractures 
of the vault and of the base of the skull are 
frequently encountered. In this group of 
go cases a history of head injury was ob- 
tained in 19. In 4 the roentgenogram re- 
vealed evidence of a fracture. It is often 
difficult to differentiate the linear markings 
of old skull fractures from those due to 
vascular channels. This is particularly true 
in those cases in which the fracture occur- 
red during childhood and the roentgeno- 
grams are taken many years later. In such 
cases, especially when there are neurologic 
signs suggestive of focal pathology, en- 
cephalographic studies are often of further 
assistance, as will be discussed in a later 
paragraph. 

Erosion of the bony vault or other por- 
tions of the skull may occur as a result of 
local pressure effects. Local bone atrophy 
of the inner table or some portion of the 
base of the skull, due to direct or nearly 
direct contact of the tumor, has been 
stressed by Pancoast.'* He called attention 
particularly to localized atrophy of the pet- 
rous bone, especially with cerebellar and 
angle tumors as revealed in the so-called 
Towne position roentgenograms. Deforma- 
tion of the petrous ridge may be significant, 
inasmuch as gf per cent or more of skulls 
show on occipital roentgenograms sym- 
metrical ridges. Erosion of the olfactory 
groove by basal frontal meningiomas may 
be revealed by the roentgenogram. Better 
known, however, is the common erosion of 
the floor and clinoid processes of the sella 
in pituitary tumors. 

In one case of epilepsy in this study a 
striking example of bone erosion was dem- 
onstrated. Multiple areas of thinning of 


the vault over the frontal bone resulted 


from pressure by multiple protruding cysts 
of the meninges and cortex, verified at 
operation (Fig. 6). 

Osteomyelitis of the skull gives a charac- 
teristic roentgen appearance in which there 
is both bone destruction and overproduc- 
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tion. Calcium deposits also are often found 
in or near such a lesion. Trauma to the 
head with or without fracture may be fol- 
lowed by infection and the production of 
osteomyelitis. Figure 7 is an example of 
such a skull lesion occurring in this group 
of epileptics. 


VASCULAR MARKINGS 


In this series of go epileptics there were 
10 cases in whose roentgenograms vascular 
markings were so prominent as to warrant 
special attention (Fig. 8). Elsberg and 
Schwartz® in 1924 reported on this feature 
of the roentgen findings in the skull and 
have supplied much of the following infor- 
mation. The venous channels, the menin- 
geal vessels, and the veins of the diploe 
appear as distinct dark lines which are 
especially prominent when the calvarium 
is thin. The longitudinal and lateral sinus 
grooves may be seen especially in the roent- 
genograms obtained with the head in the 
Towne position. The middle meningeal 
grooves are usually visible as bilateral and 
symmetrical branching lines on the sides of 


‘the skull readily observed in stereoscopic 


films. The diploic veins (of Brechet) lie in 
the cancellous tissue between the inner and 
outer tables of the cranial bones. There are 
four main venous channels: (1) the frontal 
diploic vein, visible in about one-third of 
normal skull roentgenograms; (2) the an- 
terior temporal vein, visible in about 10 per 
cent of the roentgenograms of normal 
skulls; (3) the posterior temporal vein, 
which appears as a series of radiating lines 
I to 2 mm. wide, which usually has a gan- 
glion cell-like appearance; (4) the occipital 
diploic vein. These diploic veins communi- 
cate with each other and with the menin- 
geal veins and venous channels on the out- 
side of the bony skull by means of branches 
which perforate the inner or outer table of 
the cranial bones. 

The above authors comment on the diffi- 
culty of determining what is normal and 
what is pathologic for these vascular mark- 
ings appearing in the roentgenogram. 
Schiller, Heuer and Dandy, and others, 
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Fic. 7. There is destruction in the frontal areas, 
most marked on the left side, with considerable 
new bone formation involving the left frontal bone 
and base of skull in the anterior and middle fossae, 
involving the left petrous portion of temporal 
bone. Patient, male, aged thirty, has had convul- 
sions since nineteen years of age. He was struck 
by a baseball bat and sustained a fracture of the 
vault; this was followed by infection and develop- 
ment of an osteomyelitis. He remained under hos- 
pital care for three years before all pyogenic sinuses 
were healed. There was nothing else of signifi- 
cance in patient’s birth or early history. The first 
convulsion occurred when the patient was nine- 
teen years of age—four years after the head injury. 
Neurologic examination was negative for evidence 
of focal brain disease. Patient showed mental 
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have mentioned the fact that roentgen 
evidence of enlargement of the vascular 
channels in the cranial bones is of diagnos- 
tic importance, implying interference with 
cranial or intracranial venous circulation. 
Abnormalities in the size of the large ve- 
nous channels are very rarely to be seen. 
More attention directed to such landmarks, 
however, may reveal helpful information. 
The meningeal and cerebral vascular 
markings are subject to many variations 
and hence are difficult of interpretation. 


Fic. 8. Vascular markings in case of 
idiopathic epilepsy. 


Enlargement in the size and an increase in 
the number of diploic veins were noted in 
8 per cent of 1,000 roentgenograms of the 
skull by Schwartz. The increased vascu- 
larity was bilateral in approximately 6 per 
cent and unilateral in 2.8 per cent. It is 
known that often with long-standing in- 
crease of intracranial pressure, bilateral en- 
largement of the diploic veins may occur. 
Unilateral enlargement of the diploic veins 
has been associated with localized intra- 
cranial disease, more particularly in cases 
of endotheliomas. Elsberg has stated that 
“when these enlarged vascular channels are 
seen unilaterally in a nonprogressive case, 


symptoms, however. He was extremely facetious, 
childlike in his behavior, and mentally dull. 
Convulsions have occurred about once every two 
months. He has improved under medical therapy. 
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they may have no significance. But when 
these changes are found in the early symp- 
toms of a progressive disease and the side 
of the skull on which they occur corre- 
sponds to the physical signs and symptoms, 
then the diagnosis of brain tumor in that 
location is made more certain, and the prob- 
ability of an endothelioma is enhanced.” 

The characteristic “‘rosette’”’ appearance 
of angiomas is well recognized and the 
roentgenograms alone may supply the di- 
agnosis. A convoluted dendritiform shadow 
is pathognomonic of venous angioma. 


VISUALIZATION OF THE OPTIC FORAMEN 
AND THE INTERNAL AUDITORY MEATUS 
Visualization of the optic foramina re- 

quires special techniques such as described 

by Pfeiffer,!? Camp and Gianturco,' and 

Goalwin.'! Keyes" studied the optic fora- 

mina in over 2,000 skulls and concluded 

that it is not possible as a routine to calcu- 
late the size and shape of the optic foramen 
accurately from its shadow on the roent- 
genogram. He furthermore stated that 
interpretations of roentgenograms of the 
optic foramen should be expressed as possi- 
bilities and not as certainties. Nevertheless, 
Pfeiffer'® maintains that comparison of 
the two canals may give important in- 
formation in such conditions as exophthal- 
mos, papilledema, optic atrophy, obscure 
changes in the visual fields, vascular disease 
and traumatic disease of the orbit. Pan- 
coast!’ has stated that the attempts of 

Carr’ and others to determine the presence 

of acoustic tumors by the interpretation of 

deformation of the petrous bone around the 
porus acusticus from the lateral views of 
the head have been unsuccessful and mis- 
leading. 
SUTURE LINES 

The lambdoid, coronal and sagittal su- 
tures are those usually visible in roentgen- 
ograms of the skull taken routinely. They 
are seen as zig-zag lines and hence are 

sometimes confounded with fractures. A 

persistent frontal suture occasionally oc- 

curs and has been associated with so-called 
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hereditary insanity by Kohler, but this 
occurs not infrequently in normal man. On 
the other hand, too early closure may re- 
sult in an abnormally shaped skull (dolico- 
cephaly or oxycephaly). 

In 19 patients of this study, the roent- 
genograms revealed peculiarities of the 
sutures which attracted attention and 
hence deserve mention. 


ENCEPHALOGRAPHIC STUDIES 


In cases of epilepsy associated with head 
trauma, the encephalogram may reveal ob- 
literation of air channels and retraction of 
the ventricle to the side of the lesion result- 
ing from a localized meningitis and con- 
traction of the scar. Convolutional atrophy 
resulting from cortical thrombosis and de- 
generative processes may produce enlarge- 
ment of the air channels, which correspond 
to the subarachnoid spaces between the 
convolutions. 

Adson! has commented upon the indica- 
tions and contraindications of encephalog- 
raphy as follows: ““Encephalography may 
be employed in cases of suspected tumor of 
the brain without evidence of increased 
intracranial pressure. It is a valuable aid in 
the differential diagnosis and localization 
of arachnoiditis, post-traumatic lesions and 
atrophy of the brain, but it is an unsafe 
procedure in the presence of increased in- 
tracranial pressure.”’ Gotten” reported 3 
tumors found in routine encephalographic 
examination 56 cases of so-called epilepsy. 
Two of these were completely removed. In 
10 cases of our group of epileptics, encephal- 
ographic studies were employed. Five of 
these, all in the group of so-called trau- 
matic epilepsy,showed an abnormal appear- 
ance, such as distortion of the ventricles or 
dilated ventricles. One of these received 
surgical treatment (Fig. 9). The remaining 
5 cases had normal encephalograms. 


DISCUSSION 


Epilepsy has been divided into two main 
groups: (1) organic and (2) functional. In 
the organic group are found cases in which 
definite brain lesions are present, such as 
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Fic. 9. Marked enlargement of both ventricles, the 
right ventricle being about three times the size of 
the left and pulled well over toward the inner table 
of the skull on the right side. F. P., male, aged 
fifteen. At age of three fell upon a pair of scissors, 
the points entering the right temporal bone just 
behind the eye. He received immediate surgical 
treatment (repair) but has had a left hemiplegia 
as a sequel of this injury. His first convulsion 
occurred at the age of eleven. Since then grand 
mal attacks have occurred every two or three 
days. Neurologic examination revealed left hemi- 
plegia and hemihypesthesia with mental dullness. 
This patient was operated on May 24, 1936, scar 
tissue was removed, and the choroid plexus de- 
stroyed. Since the operation there have been no 
major seizures. 
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congenital malformations, neoplasms, in- 
flammatory or toxic processes, trauma, and 
degenerative changes, including arterio- 
sclerosis. In the second group are those 
cases of recurrent convulsions in which no 
evidence of focal brain pathology may be 
obtained either from the patient’s history 
or from clinical examination. 


ROENTGEN STUDIES IN TRAUMATIC 
EPILEPSY 


In this study of go cases of epilepsy there 
was a history of head injury either at birth 
or later in life in 22 patients. A definite his- 
tory of birth injury was elicited in 5 cases. 
In one of these, aged four, the roentgeno- 
grams showed digital markings usually re- 
garded as non-pathological for this age. In 
another patient, aged eleven, who clinically 
showed a left hemiplegia, feeblemindedness 
and jacksonian convulsions, the roentgeno- 
gram revealed unusual vascular markings 
in the right parietal region. In the third pa- 
tient, aged seventeen, there was a mottled 
decalcification throughout the calvarium 
with prominent diploic markings in the 
frontal and parietal regions, perhaps more 
marked on the right side. The roentgeno- 
gram of another patient, aged fourteen, 
showed three scattered calcium deposits 
over the left parietal area (meningeal ?). 

In the group of 17 cases in whom injury 
to the head occurred late in life, 13 showed 
calcification in the pineal body. Of these, 
one showed calcification also in the choroid 
plexus, and one, also in the falx. One pa- 
tient, twenty-nine years of age, was struck 
on the head by a baseball bat when fifteen 
years of age. Infection was superimposed, 
and osteomyelitis of the skull resulted. Con- 
vulsions have been present since the age of 
nineteen. The roentgenograms of this case 
are shown in Figure 7. Marked bony de- 
struction and new bone formation with 
areas of calcification are so striking as to 
make a diagnosis possible by roentgeno- 
graphic studies alone. 

Another patient, aged thirty-nine, suf- 
fered a depressed skull fracture when twen- 
ty-two years of age. Surgical measures in- 
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stituted at this time resulted in a bony de- 
fect in the left parietal area now visible in 
the roentgenograms. This patient has also 
a calcified pineal body. In another patient 
with a history of head injury following a 
fall on the ice when thirteen years of age, 
with subsequent development of convul- 
sions after one year, the roentgenogram 
revealed a large area of calcification in the 
right temporal region, as shown in Figure 3. 
This patient was operated on and the cal- 
cified mass removed and diagnosed as cal- 
cified hematoma (subcortical). In this 
instance it was the roentgenogram alone 
which led to an accurate diagnosis, inas- 
much as the clinical findings were negative 
for any local pathology. It may be noted 
that since the operation the patient has had 
no grand mal seizures, although the aura 
persists as an equivalent occurring from 
time to time. 

Another case, aged twenty-three, gave 
a history of being struck by an automobile 
when eleven years old. Convulsions devel- 
oped ten years later. The patient presented 
a left hemiplegia. It may be noted also that 
a rheumatic heart lesion exists and that 
there is a history of an infectious illness 
during childhood, suggesting a possible 
encephalitis. Thus, this case presents a 
very interesting problem for diagnosis. The 
roentgenograms show a calcified pineal, 
suggestion of digital markings in the pos- 
terior parietal regions and prominent vas- 
cular markings in the right frontal and 
accentuated pacchionian body impres- 
sions. This patient is being studied further 
as a possible subject for surgical therapy. 

Patient F. P., aged fourteen, had an in- 
jury to the skull when three years of age. 
A sharp instrument penetrated the right 
temporal region. Convulsions occurred la- 
ter, when the patient was ten years of age. 
Clinically he presented a left hemiplegia. 
Roentgenograms showed a defect in the 
right temporal area. Encephalographic 
studies revealed a marked enlargement of 
both ventricles with the right ventricle 
being about three times larger than the 
left, and pulled well over toward the inner 
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table of the skull on the right side (Fig. 9). 
This patient was operated on and has 
shown marked improvement. 


ROENTGEN FINDINGS IN EPILEPSY AS- 
SOCIATED WITH INFLAMMATION 
OF THE MENINGES 


In 14 cases there was a history suggest- 
ing intracranial inflammation during child- 
hood, 12 cases of encephalitis, and 2 of 
meningitis. Of this group a calcified pineal 
was visualized in 6 cases. One of these 
showed an extensive calcification also in 
the falx; and another, calcification in the 
choroid plexus. Prominent vascular mark- 
ings were noted in 2 instances; in one case 
they were bilateral and in the parietal 
areas, and in the other appeared as a “‘ro- 
sette’”’ of lines in the right parietal region. 
This latter patient had definite organic find- 
ings of a left hemiparesis, with feeble-mind- 
edness and jacksonian convulsions. In one 
other case of this group who presented 
clinically a right hemiplegia with convul- 
sions, the roentgenograms showed a cal- 
cified pineal . body, suggestive digital 
markings, prominent diploe in the right 
frontal region, and an area of rarefaction in 
the region of the longitudinal suture sug- 
gestive of a pacchionian impression. This 
case is being studied with a view toward 
possible surgery in the future. In the re- 
maining 3 cases of this group nothing un- 
usual could be seen in the roentgenograms. 


ROENTGEN FINDINGS IN EPILEPSY AS- 
SOCIATED WITH MISCELLANEOUS 
ORGANIC LESIONS 


(Tumors, Arteriosclerosis, Degenerative 
Diseases, etc.) 


In 10 patients with epilepsy there were 
findings suggestive of organic brain damage 
not included in the traumatic or inflamma- 
tory groups. Five had evidence of cerebral 
arteriosclerosis, with convulsions beginning 
late in life. The roentgen findings in these 
cases were pineal calcification in 4 instances 
and prominent vascular markings in two. 

One patient had multiple cysts of the 
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meninges and cortex. The roentgengrams 
of this case are particularly striking, show- 
ing multiple areas of bony erosion and 
scattered calcification (Fig. 6). A calcified 
pineal body also was visualized in this case. 
Three patients had clinical signs of unusual 
aura suggestive of focal brain pathology 
and are difficult of classification. In one of 
these a small area of calcification was visu- 
alized in the posterior parietal region. En- 
cephalographic studies failed to establish 
further the exact nature of this pathology 
but called attention to the need for further 
study of this case. In another patient of 
this group, calcification was present in the 
pineal body and in the falx. One patient, 
a prize fighter with a history of repeated 
blows to the head and loss of consciousness 
on several occasions, has been included in 
this group rather than the functional or 
traumatic. There was no evidence of or- 
ganic disease, but the character of his sei- 
zures was so unusual as to warrant special 
consideration. Roentgen study in this case 
revealed no abnormality except for a calci- 


fied pineal body. 


ROENTGEN FINDINGS IN FUNC- 
TIONAL EPILEPSY 


In a group of 45 epileptics whose history 
and clinical examinations revealed no evi- 
dence of organic brain disease, and hence 
were diagnosed as functional or idiopathic, 
an analysis of the roentgen findings showed 
the following: 24 visualized pineal calcifi- 
cations, 18 of which had no other calcifica- 
tions; 3 showed calcification in both the 
pineal body and choroid plexus; 2 in the 
pineal and falx; and 1 showed calcification 
in all three structures, pineal body, choroid 
plexus and falx. In 2 cases there was calcifi- 
cation in the choroid alone. Two others 
showed calcification in the falx alone, and 
1 case showed calcification in the choroid 
and falx. In 2 cases isolated deposits of cal- 
cium were seen in the parietal region near 
the surface of the cranium. It is quite likely 
that these calcifications were in the me- 
ninges. A dolicocephalic type of skull was 
pronounced in 1 case. Prominent vascular 


markings were noted in 5 instances. A mot- 
tled appearance of the calvarium was 
shown in I case and an unusual exostosis 
in the right parietal area in another. Bridg- 
ing of the sella turcica occurred in I case. 
Sutures with unusual appearance were 
noted in12 cases. Persistent frontal sutures 
were noted in 2 cases. 

Thus, it is apparent that in functional 
epilepsy there are no characteristic roent- 
gen findings. The features noted are similar 
to those which occur in routine skull roent- 
genograms. 


CONCLUSIONS 


1. Roentgenograms of the skulls of 
ninety patients with epilepsy have been 
studied and the significant findings noted. 

2. In the group of traumatic epilepsy 
the roentgenograms are of special value in 
localizing focal pathology. In cases of or- 
ganic epilepsy, not associated with trauma, 
the roentgenograms often show evidence of 
a lesion, the presence of which is at times 
unrevealed by clinical procedures. 

3. Inthe group of so-called functional or 
idiopathic epilepsy the roentgen findings 
are not pathognomonic, but are quite 
similar to those observed in routine skull 
roentgenographic studies. 

4. Encephalograms may be helpful in lo- 
cating intracranial pathology, particularly 
in cases following trauma or meningitis. 

5. Roentgenographic studies should be 
obtained routinely in all cases of epilepsy. 
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A HISTORICAL REVIEW OF THE ROENTGEN STUDIES 
OF THE GALLBLADDER AND NEWER CONCEPTS 
OF DIAGNOSTIC CRITERIA BASED ON 
1,000 CHOLECYSTOGRA PHIES 
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Director, Roentgen Ray Department, Bellevue Hospital 
and PAUL S, FRIEDMAN, M.D. 


NEW YORK CITY 


SNCs WILLIAMS had just finished 
his memorable presentation when Wil- 
liam Osler asked, ‘Can you see gall stones 
with the x-ray?” At that time, all Dr. 
Williams could reply was, “I don’t know.” 
However, the question was answered when 
Buxbaum in 1898 and Beck, shortly after- 
wards, demonstrated gallstones by means 
of roentgen examination. Since those early 
days, there have been consistent strides 
forward—strides which were at first slow 
and halting, but which rapidly gathered 
speed and assurance, culminating in Gra- 
ham and Cole’s discovery in 1924 of an 
opaque medium for gallbladder visualiza- 
tion which introduced a new era in gall- 
bladder study. 

For many years after that initial de- 
piction of gallstones on a roentgenogram, 
all efforts were bent in that direction. The 
only and final aim of the roentgenologist 
with regard to the gallbladder was to 
visualize any calculi that might be present. 
This ability developed directly as roent- 
genographic technique and diagnostic skill 
improved. Finally, those stones with only 
a minimum of calcium were revealed by 
the probing eye of the trained roentgenolo- 
gist. However, such direct methods had 
and have definite limitations, for by it, 
only about 40 per cent of gallstones are 
visible, as in no instance is a stone visual- 
ized by the roentgen ray where the cal- 
cium content measured as CaPQ, is 0.3 
per cent or less. 

But this was just a beginning. Soon, 
more and more frequently reports of visual- 
ized gallbladders were made public. Grad- 


ually, it was almost unanimously accepted 
that all gallbladders that were visualized 
were pathological in nature. This view was 
especially popularized by George, and one 
of his leading disciples in this respect was 
Roberts. However, as early as 1920, Rob- 
erts® reported seeing gallbladders, which 
were later reported to be normal. So almost 
before the erection of this concept had been 
completed, its foundations started to 
crumble. Since then it has been known very 
definitely that visibility of the gallbladder 
is not an indication of disease. 

But then the eye of the roentgenologist 
shifted away from the gallbladder in his 
search for biliary tract pathology. Roent- 
genology was awakening to its existence as 
a clinical science. It was recalled that the 
gallbladder was intimately bound up with 
the digestive tract, both anatomically and 
functionally. And so was inaugurated the 
era of secondary signs in the presence of 
gallbladder disease. These signs were ap- 
proached both on an anatomical and physi- 
ological basis. In one group were those 
physical changes due to pressure and ad- 
hesions, while the other group comprised 
the physiological changes. Some of the 
signs invoked were: 


1. Pressure deformities on 


(a) Duodenum: flattening of the duo- 
denal cap or the outline of the 
gallbladder was seen on the ex- 
ternal or superior surface of the 
duodenum. 


(b) Stomach: similar deformities of 
the antrum. 
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(c) Colon: changes in hepatic flexure 
and transverse colon particularly 
in hydrops of the gallbladder. 


2. Changes resulting from adhesions. 
Fixation of the stomach and duo- 
denum to the right; similar 
changes in position of the hepatic 
flexure and transverse colon. 


Even as early as 1922, Cheney says of 
these latter changes, “all of these signs are 
produced by pericholecystitis with re- 
sultant adhesions between the gall bladder 
and adjacent organs.” But pericholecystitis 
does not always occur as a complication of 
chronic cholecystitis and therefore none of 
these results may follow. Their absence is 
not conclusive evidence against gallbladder 
disease, just as their presence may be the 
result of localized peritonitis originating 
from disease in the pylorus, duodenum or 
colon rather than in the gallbladder. 


3. Functional changes. 

(a) Stomach: particularly where ex- 
tensive tonic contractions of the 
pylorus were considered pathog- 
nomonic. 

(b) Esophageal: spasms, especially at 
the cardia. 


At the present time, these indirect signs 
are given almost negligible weight in con- 
sidering the evidence for and against gall- 
bladder disease. 

So an objective analysis of the advances 
made in the roentgenological study of gall- 
bladder disease would reveal that though 
the skill in recognizing gallstones had in- 
creased and though the roentgenologic 
technique had greatly improved, basically 
the advances made in diagnostic methods 
and criteria had been slight. 

Simultaneously, however, the investiga- 
tions were proceeding which were laying 
the foundations for an entirely new ap- 
proach. Thus, in 1909 Abel and Rowntree, 
experimenting with phthaleins and their 
derivatives, proved that phenoltetra- 
chlorophthalein, when given subcutane- 
ously, was excreted in the bile only; sub- 
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sequently, Rowntree introduced this into 
clinical medicine as a test for hepatic func- 
tion. However, it was only in 1924 that 
cholecystography was actually “con- 
ceived” when Graham, Cole, Copher and 
Moore reported that after the intravenous 
administration of the sodium salt of tetra- 
bromophenolphthalein, the gallbladder was 
visualized on a roentgenogram. But sig- 
nificant as this was, it was but a prelude to 
ten years of investigation and research— 
which has been the source of unlimited in- 
formation on biliary pathology and physi- 
ology. 

The principle involved in the new tech- 
nique was very similar to that used in the 
roentgen examination of the gastrointesti- 
nal and genitourinary tracts—that of ren- 
dering a hollow viscus radiopaque by the 
introduction into it of an opaque fluid or 
dye. This was especially difficult, however, 
in the case of the gallbladder which does 
not lend itself to a direct introduction of a 
drug. So a drug, opaque to roentgen rays, 
had to be discovered and one that further- 
more was nontoxic and which, after ad- 
ministration, found its way into the bile. 
Probably obtaining their inspiration from 
Rowntree both from his earlier work with 
the substituted phenolphthalein com- 
pounds and his later work with oral and 
intravenous administrations of sodium 
iodide in the visualization of the urinary 
tract, the above-mentioned workers ex- 
perimented with the intravenous adminis- 
tration of the sodium salt of tetrabromo- 
phenolphthalein. Their results were to be- 
come epoch making, since unmistakable 
shadows of the gallbladder were demon- 
strated in many roentgenograms. As the 
technique was employed at this early date, 
it embodied the intravenous injection of 
5.0 to $.5 grams of sodium tetrabromo- 
phenolphthalein in 40 cc. of distilled and 
sterilized water. The dye was administered 
in divided doses. Roentgenograms were 
taken at four, eight, twenty-four and forty- 
two hours while the patient followed a 
special routine. The normal gallbladder 
began to cast a shadow from three to five 
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hours after injection, showing a tendency 
to change in size and casting its heaviest 
shadow between sixteen and twenty-four 
hours. It is interesting to note that the 
solution of the calcium salt which was first 
used produced most unpleasant reactions 
and it was quickly discontinued. However, 
even though the tetrabromophenolphthal- 
ein sodium was better, it, too, was not 
ideal. Any slight amount of it introduced 
into the perivascular tissues produced ne- 
crosis. Furthermore, after its introduction 
it often produced definite toxic symptoms, 
varying from nausea, vomiting, diarrhea 
to actual fall in blood pressure, localized 
endophlebitis and sore arms. In some series, 
these untoward effects were of such marked 
character and frequency that efforts were 
made to remedy the procedure. 

There were several bases for a modifica- 
tion of the technique: (1) the type of drug 
administered; (2) its method and time of 
administration; (3) the routine followed 
by the patient before and during the exam- 
ination, and (4) the roentgen techniques 
employed in the examination. 

Dyes Used. As indicated above, the first 
experience was had by Rowntree with 
tetrachlorophenolphthalein. However, the 
first actual roentgen examination was con- 
ducted after intravenous administration of 
the tetrabromophenolphthalein salts. First, 
the calcium salt was used but the sodium 
salt rapidly replaced it, because of the 
latter’s lesser toxicity. And it was this 
factor of toxicity that prompted further 
investigation—investigation designed to 
uncover new dyes, characterized by the 
same or greater radiopacity. In the course 
of their researches, thirteen dyes were ex- 
tensively studied in an effort to find the 
most suitable and satisfactory one. The 
first improvement seemed to be in the use 
of the corresponding iodo-salt, tetraiodo- 
phenolphthalein sodium. This seemed to 
cause fewer toxic symptoms and was just 
as radiopaque when concentrated by the 
gallbladder. The early difficulties that were 
had with this dye resulted from its lack of 
purity, its many contaminants. After a 


period during which the compound was 
administered both orally and _ intrave- 
nously, the corresponding isomers came into 
general usage, e.g., phenoltetraiodophthal- 
ein sodium, and again it was the iodine 
compound which gave the most satis- 
factory results. And at the present time, 
it is still being used predominantly by the 
oral route. 

What aroused even greater controversies 
was the method of introduction of the dye. 
In the early days, several ways were used: 
rectal, duodenal, intravenous and oral. The 
first two were rapidly discarded because of 
their inherent difficulties and because of 
the uncertain results following their ad- 
ministration. However, until this day, 
there are still exponents who almost ex- 
clusively use either the oral or the intra- 
venous route. Those who use the intra- 
venous route maintain that the results from 
this method are consistently better—that 
the gallbladder is more sharply defined, its 
shadow is denser and the percentage of 
correct diagnosis is greater. They maintain 
further that the technique is a more exact 
one; a definite amount of dye is injected 
and is completely absorbed. Those who 
oppose this method of administration 
maintain, however, that the technique is 
more difficult, that occasionally endophle- 
bitis and tissue necrosis result after the 
injection; in other words, that all the 
dangers of the intravenous technique con- 
tinually operate. 

Those who favor the oral method, on 
the other hand, hold up the essential sim- 
plicity of the method, its genuinely good 
results (they maintain when the oral tech- 
nique is correctly conducted, it leads to 
just as satisfactory if not better results), 
and its avoidance of all the after-effects of 
the intravenous technique, as evidence of 
its superiority. The argument against this 
technique is that it is apparently inaccurate 
in that often much of the dye is not ab- 
sorbed. This lack of absorption may result 
from several factors, one of which is nau- 
sea, and in consequence the subject may 
expel much of the dye by emesis; then it is 
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maintained that the acid of the gastro- 
intestinal tract causes a precipitation of 
the salt and so prevents its absorption. 

Hence, some observers report a greater 
incidence of “‘no shadow” with this tech- 
nique than with the intravenous method. 
In rebuttal, it may be said that it has been 
our experience that the oral technique is 
equal, if not superior, to the intravenous 
method both for office and hospital exam. 
ination. There have been negligibly few 
cases reporting ill effects; moreover ex- 
perimental work shows results which indi- 
cate the changes in acidity of the gastro- 
intestinal tract have very little effect in 
retarding absorption. However, it is ab- 
solutely essential that faultless technique 
be employed. Moreover, it should be re- 
membered that the oral technique has 
undergone many changes in method since 
its inception. Originally, the dye when 
administered orally was given in a capsule. 
The capsules containing the dye were of 
various types. Some were gelatin con- 
tainers coated with salol or keratin, while 
some chemists prepared keratin capsules 
filled with the drug. Eight to twelve cap- 
sules were prescribed to be taken within an 
hour or two. The total content of the con- 
tainers was between 3 to 4 grams of the 
tetraiod dye. However, this was rather in- 
accurate as often clumps of dye and un- 
dissolved capsules were found in portions 
of the intestine, indicating the capsule had 
not been digested. Moreover, due to the 
manner in which the dye first presented 
itself to the intestinal mucosa, that is in 
a localized concentrated clump, there were 
definitely more chances for irritation, with 
resultant nausea, vomiting and diarrhea. 
So eventually, the dye was administered 
as a powder or fluid mixture, several types 
of which have been used. Basically, all the 
commercial preparations contain the tetra- 
iodophenolphthalein sodium and fruit acid, 
such as the citric or tartaric. When dis- 
solved in water, the acidulated dye is pre- 
cipitated as a flaky white magma, and 
when swallowed and discharged by the 
stomach into the intestine, the drug is re- 
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transformed into the soluble dye by the 
alkaline contents of the small bowel, and 
gradually absorbed. 

But besides varying the dye and route 
of introduction, other changes have been 
brought about. The time factor has been 
varied as have the amount of dye and the 
routines followed by the patient before 
and during the examination. Many sets of 
intervals were employed in the examina- 
tion but we have found that the fourteen, 
fifteen and sixteen hour sequence is practi- 
cal and satisfactory. 

In the early days, it was felt that a heavy 
fatty meal should be taken before the in- 
gestion of the dye. This has been found to 
be both an unnecessary and erroneous 
procedure. We advise the patient to eat a 
light meal containing only a minimal 
quantity of fat previous to the dye intake. 

Another revision made was that ad- 
vocated by Antonucci—an increased in- 
take of glucose before and after the dye 
ingestion. It is the belief of this investi- 
gator that glucose plays a part in the 
utilization of the iodized drug compound 
and so the incréased blood glucose hastens 
and improves the gallbladder visualization. 

Pinelli observed the prompt visualization 
of the gallbladders (within one and a half 
to two hours) after the intravenous ad- 
ministration of the dye in diabetics. He 
attributes the early opacity of the vesicle 
to the hyperactivity of the Kupffer cells 
which “fix and spread” the iodized drug, 
while the hepatic cells rapidly eliminate 
a great amount of the halogenated bile. 

Others found that the increased glucose 
acts somewhat as a hepatic stimulant, and 
in that fashion hastens the removal and 
excretion of the dye by the liver. When 
first introduced, the glucose was given in 
the form of an intravenous infusion; now, 
however, the patient merely drinks a good 
deal of well-sweetened tea. We found that 
the use of large amounts of sugar unques- 
tionably enhanced the visualization of 
many of the gallbladders, as well as dim- 
inished the ill effects, more often observed 
in patients who abstained from carbo- 
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hydrates during the preparation and satu- 
ration with the dye. 

Then, in 1931, Sandstrém suggested 
that instead of giving the dye in a single 
dose, in the course of a single evening, it 
be given in repeated doses the same day, 
preferably in divided doses during two 
days before the roentgen examination is 
made. As Sandstrém remarks in a later 
paper, “phenolphthalein preparations, once 
introduced, circulate in an entero-hepatic 
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B. (1) First evening, 3-4 grams of dye; 
(2) next morning, 2-3 grams of dye; (3) 
same evening, 2~3 grams of dye; (4) next 
morning, roentgen examination. 

These suggestions have been embodied 
in the “intensive method”’ used by us and 
others. 

However, in the course of the studies, it 
became evident that it was also of value to 
know the contractibility of the vesicle, and 
so various meals were introduced which 
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bladder and relevant diagnostic criteria in spite of the presence of the barium in the 
stomach and intestines. 


cycle’; by introducing orally during each 
phase of the cycle additional small doses of 
the salt, one may obtain a more complete 
absorption and saturation. The polycyclic 
nature of the hepatic elimination of tetra- 
iodophenolphthalein given orally was also 
emphasized by Chiray et a/. who found the 
peaks of elimination occurring at 3-4, 8-9, 
10-13, and 18-24 hours after administra- 
tion. It is also reasonable to assume that 
by its slow elimination from the intestinal 
tract, particularly the colon, much of the 
dye is further absorbed by the intestinal 
mucosa and thence into the portal circula- 
tion to be eliminated by the liver. These 
conclusions have been the basis of the 
present “intensive technique” rationale 
which Sandstrém first presented in two 
forms. 

A. (1) First evening, 2-3 grams of dye; 
(2) second evening, 3-4 grams of dye; (3) 
roentgen examination the following day. 


. Combined cholecystographic and gastrointestinal examination, revealing the gall- 


caused emptying of the gallbladder. At 
first, various foods, predominantly fats, 
were used to induce the expulsion of the 
gallbladder contents. Subsequently, Boy- 
den found that egg yolk caused the most 
active contraction of the viscus and so 
introduced the Boyden meal— 4 egg yolks 
and 280 cc. or a half-pint of cream. Bron- 
ner and Rossi use the opaque fatty paste 
to cause gallbladder contraction and added 
milk to aid the cholecystokinetic stimulus. 
We found that a simple fatty meal consist- 
ing of well-buttered toast with milk and 
cream produced sufficient response to set 
up diagnostic criteria. 

One of the factors in the roentgen tech- 
nique which aroused some controversy was 
the simultaneous performance of chole- 
cystographic and gastrointestinal exam- 
inations. This was very strongly advocated 
by many investigators in view of the re- 
markable similarity in symptoms often en- 
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countered between the gallbladder and 
gastric and intestinal diseases. Moreover, 
it has been repeatedly maintained that, in 
the presence of marked pyloric and duo- 
denal disease, the gallbladder shadow may 
not be visualized. This, of course, requires 
the combined examination. Then, too, the 
secondary signs of gallbladder disease, 
though by no means absolute or constant, 
often offer corroborative evidence, and 
such evidence can only be obtained by 
means of a barium meal examination of 
the gastrointestinal tract. As an argument 
against the latter, it has been maintained 
that often such barium meals cloud and 
blot out any gallbladder shadow that may 
be present. In our experience, however, 
such an occurrence has been very rare 
(see Fig. 1). 

The methods and technique which we 
have employed in. the study of the cases 
that will subsequently be described are two 
in number. 


A. THE SUBINTENSIVE METHOD 


(So labelled by the author) 


The patient is given 


the following 
printed instructions: 


p.M.—Glass of milk; one slice of toast 
(no butter), cream cheese; one soft- 

boiled egg. 

(2) 7 p.M.—Cup of tea with two teaspoons of 
sugar; one slice of toast (no butter). 

:30 p.M.—Pour entire contents of bottle 
of medicine in one-half glass of cold 
water and stir until color of solution 
changes to milky white. Drink all. 

:30 p.M.—Cup of tea with two teaspoons 
of sugar; one slice of toast (no butter). 
p.M.—Dissolve contents of the second 
bottle of medicine, stir and drink as in- 
structed above. 

(6) 10 p.M.—Cup of tea with two teaspoons of 
sugar. Fruit juices may be taken if 
nauseated. 

(7) 8 a.m.—Following morning—Take a salt 
water enema and see that it is expelled. 

(8) g a.M.—You may drink black coffee or 
tea with sugar, but no milk. 

(g) 10 A.M.—Report for x-ray examination. 
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The contents of the bottles mentioned 
in the above instructions vary with the 
weight of the patient. Those weighing less 
than 100 pounds are given two bottles each 
containing 3 grams of the prepared tetra- 
iodophenolphthalein sodium, while to the 
heavier patient uuder 150 pounds, the fotal 
weight of the contents of the bottles is 8 
grams. Those patients weighing more than 
150 pounds are subjected to the intensive 
method. 


B. THE INTENSIVE METHOD OR “INTENSIFIED 
ORAL CHOLECYSTOGRAPHY 


The method of administering the drug 
and preparation of the patient are very 
similar to those recommended by Stewart 
and Illick. The following printed instruc- 
tions are given to the patient: 


(1) Afternoon—Drink several cups of tea with 
much sugar. 

(2) 6 p.M.—Eat toast, cream cheese and drink 

tea with much sugar. 

p.M.—Dissolve contents of bottle of 

medicine in one-half glass of cold water 

and stir until mixture turns milky 

white. Drink all. 

(4) Evening—Drink several cups of well- 

sweetened tea before retiring. 

(5) Following morning—Drink one or two 
cups of tea, well sweetened. 

Noon—Take lunch consisting of fruit 
juice; jello; fruit salad; one or two cups 
of sweetened tea. 

(7) 1 p.M.—Dissolve contents of second bottle 
of medicine and drink as directed be- 
fore. 

(8) Afternoon—Drink several cups of well- 
sweetened tea. 

(g) 6 p.M.—Eat same meal as directed at noon. 

(10) 7 p.M.—Dissolve contents of third bottle 
of medicine and drink as instructed 
above. 

Evening—Drink several cups of well- 
sweetened tea before retiring. 

Following morning—8 a.m.—Take a salt 
water enema. 

(13) g A.M.—Drink a cup of sweetened tea. 

(14) 10 a.M.—Report for x-ray examination. 


(11) 
(12) 


Each bottle contains 4 grams of the pre- 
pared salt so that the /ofa/ intake is 12 


grams. 
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The first roentgenogram, in both meth- 
ods, is made about fourteen hours after the 
ingestion of the final dose of the dye, and 
a second examination, one or two hours 
later. The patient is then instructed to 
partake of some fatty foods, consisting of 
well-buttered bread, milk, and cereal with 
sweet cream. Roentgenograms are then 
made within an hour or two after the last 
examination. 

While it is true that the “intensified oral 
cholecystography” requires additional time 
to complete the examination, the results 
obtained in large individuals, particularly 
the very obese types, amply compensate 
the examiner for the disadvantages in- 
curred. 

The actual roentgenographic technique 
varies with the investigator. I have found 
that a posteroanterior view, with a slight 
inclination of the body to the left oblique, 
is the desired position. The latter inclina- 
tion is used particularly in those individ- 
uals where the shadow of the spine overlaps 
that of the gallbladder. The exposure is 
made at a distance of 28 inches, 60 ma.; 
64 to 70 kv. (peak) (depending on the size 
of the patient), for two to three and a half 
seconds, through a Potter-Bucky dia- 
phragm. We recognized the value of Kirk- 
lin’s suggestion that very short exposures 
should be made, i.e., about one-half second, 
in order to minimize the possible error re- 
sulting from movement by the patient. 
However, such a short exposure requires a 
high milliamperage (about 100 ma.), which 
not only taxes the roentgen tube but de- 
mands very accurate exposure time. The 
lower milliamperage technique obviously 
offers greater latitude in the exposure time. 
The optimum kilovoltage, however, is im- 
portant in securing the maximum soft 
tissue detail, which is so essential in 


cholecystography. What is most important 
is that during the period of exposure, ab- 
solute cessation of the respiration must be 
obtained, for any slight respiratory effort 
produces corresponding gallbladder mo- 
bility which, of course, defeats the attempt 
to obtain sharply diagnostic films. These 
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movements are eliminated in one of two | 
ways: the individual ceases breathing upon 
command, or if unable to do so, the patient 
is instructed to close his mouth and pinch 
his nose for the period of the exposure, and 
so complete immobilization of the viscus 
is assured. 

Cholecystography, besides greatly facili- 
tating the study of the diseased gall- 
bladder, added greatly to the knowledge 
of the normal physiological mechanisms of 
the gallbladder, and so contributed much 
information to the physiologist as well as 
to the inquiring clinician. The techniques 
used in these physiological studies were 
several: Cholecystographic studies of hu- 
man beings by the use of the phenolphthal- 
ein dyes; similar studies in animals, intro- 
ducing the dye by the oral and intravenous 
routes; roentgen study of animals’ gall- 
bladders after direct introduction of iodized 
oil into the diseased viscus. One of the first 
questions was, what is the pathway fol- 
lowed by the dye in its course through the 
gallbladder? It was agreed that after intro- 
duction, whether oral or intravenous, it 
found its way to the liver by way of the 
hepatic or portal vessels. There, it was felt, 
the hepatic cells took up the dye which 
was then excreted in the bile along the 
hepatic duct, cystic duct and common bile 
duct into the gallbladder and duodenum, 
respectively. The phenoltetraiod salt ap- 
parently circulates in an enterohepatic 
cycle; that is, a large part of the dye reach- 
ing the duodenum directly or by the com- 
mon bile duct is reabsorbed and enters the 
portal circulation. What aroused much 
discussion was the query, what happens to 
the dye after it reaches the gallbladder? 
By answering this question, one sheds light 
upon the behavior of the gallbladder both 
under normal and pathological conditions. 
There were two opposing theories: (1) The 
cystic duct is a one-way passage, that is, 
everything that passes from the gallbladder 
does so by absorption, so that the cystic 
vein and not the cystic duct is the true 
outlet of the gallbladder. Thus, the re- 
duction in size of the gallbladder silhouette 
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with increase in density, seen after the 
fatty meal, would be explained upon this 
basis by assuming that it acted as a stimu- 
lus to accelerated gallbladder absorption of 
water. (2) The other theory holds the 
cystic duct is a two-way tube, and that the 
gallbladder is capable of contractile efforts. 
This concept has gradually become more 
and more widely accepted, to the extent 
that Ivy has even analyzed the contractile 
processes of the gallbladder into (a) tonic 
contraction, which causes a sustained rise 
in gallbladder pressure lasting from five to 
thirty minutes; (4) tonus rhythm, rhythmic 
contractions and relaxations at the rate of 
two to six a minute; all evidence, both 
direct and indirect, tends to point to this 
contractile mechanism. The stimulus for 
this muscular reaction seems to arise in the 
pyloric region, and probably is subject to 
a combined nervous and hormonal in- 
fluence. In various studies of the types of 
ingested material which cause a most active 
stimulation of this evacuating mechanism, 
the data invariably indicated that fats and 
fatty acids, and specifically egg yolk, are 
the most intensive stimulants of such ac- 
tivity. It is from these physiological data 
that the attempt is made to distinguish, 
cholecystographically, the normal from the 
abnormal gallbladder on the basis of its 
reaction to the ingestion of a fatty meal. 
But besides being an actively contractile 
viscus, the gallbladder possesses a mucosa 
which apparently has both absorptive and 
secreting functions. Thus, it definitely con- 
centrates the bile, which has been found to 
be six to ten times as concentrated after 
leaving the gallbladder as on entering it. 
It is this concentrating property which 
seems to be greatly disturbed in disease; 
and this distorted function is made the 
basis for cholecystographic study. It is 
appropriate to consider at this point the 
case of the gallbladder sketched in Fig- 
ure 2. This gallbladder, when visualized 
roentgenographically after dye ingestion, 
showed up as a viscus containing numerous 
calculi, but nevertheless presenting evi- 
dence that there was dye in its interior. 
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What was significant, however, was that 
the dye around the periphery of the gall- 
bladder was much more radiopaque than 
that present centrally between the calculi. 
We interpreted this as evidence of disturbed 
power of concentration. The diseased gall- 
bladder, though capable of concentrating 
the peripheral dye, was not capable of 


Fic. 2. Semidiagrammatic roentgenogram of a 
gallbladder (see text). 


further concentrating the centrally located 
dye. This case, besides offering evidence of 
the concentrating power of the gallbladder, 
points at the most common probable cause 
for nonvisualization of the gallbladder, 
mere inability of the biliary viscus to con- 
centrate the dye sufficiently to visualize 
the gallbladder. As Ivy reports, the normal 
gallbladder is capable of absorbing fluid 
corresponding to 3 to 6.7 cc. of normal salt 
solution in one hour; when affected by dis- 
ease, this property is greatly deficient, 
hence a nonvisualized or only vaguely 
visible gallbladder results. Contrary to re- 
ports, there appears to be only an ex- 
tremely minute absorption of the dye itself. 
Another factor is important in the diseased 
gallbladder; the normal gallbladder se- 
cretes a small amount of mucus, undoubt- 
edly in the abnormal viscus this secreting 
function, as a response to inflammation, 


a 
AS 
ve 
ao 
4 


556 


Fic. 3. Combined cholecystographic and gastro- 
intestinal examination. Note hydrops of the gall- 
bladder (GB) containing radiotransparent calculi 
and a dilute concentration of the dye. 


is greatly accelerated and the gallbladder 
pours fluid into its lumen, thus contribut- 
ing another reason for nonvisualization of 
the diseased bladder. 

It is by a constant correlation of these 
physiological data with the possible patho- 
logical changes in the biliary tract that one 
may make an accurate cholecystographic 
interpretation, and resultant diagnosis. 

In what way may the normal gallbladder 
become diseased? The most obvious ab- 
normality would be the involvement of the 
gallbladder in an infectious process— 
cholecystitis. Such an infection is usually 
caused by nonhemolytic streptococci, with 
the blood stream the chief portal of in- 
fection. Typically, cholecystitis has hepa- 
titis as a constant companion. The infec- 
tion may be acute or chronic. The acute 
condition may take the form of an acute 
suppurative process with inflammatory 
swelling and obstruction of the outlet with 
a resultant empyema; oftentimes, how- 
ever, the process is nothing more than an 
acute catarrhal condition with congestion 
and edema. The chronic infection, though 
occasionally an aftermath of an acute 
process, is usually chronic from the outset 
and symptoms develop gradually and in- 
sidiously. Typically, the wall is fibrosed 
and thickened with a normal, dilated or 
contracted cavity. However, if there is ob- 
struction of the cystic duct by stone or 
other causes, the cavity is dilated. If ob- 
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struction is primary, there is a thin wall, 
and dilated cavity with accumulation of 
fluid in the viscus, to result in a hydrops 
of the gallbladder. But a low grade chronic 
infection may often lead, after a few years, 
to a cholesterosis of the gallbladder, other- 
wise known as lipoid gallbladder or straw- 
berry gallbladder. In this condition, there 
is a slight thickening of the wall with the 
appearance of yellow flecks on the mucosal 
surface, due to deposits of the cholesterol. 
The formation of calculi also seems to be 


Fic. 4. Absence of dye in the gallbladder due to ob- 
struction of the cystic duct by calculi, indicated 
by arrows. 


associated with the factors of infection and 
stasis. Commonly, they consist of choles- 
terol, bilirubin and calcium. Less fre- 
quently, they consist of pure cholesterol or 
pure pigment-bilirubin. The most impor- 
tant external disease process causing ob- 
struction of the common bile duct is prob- 
ably carcinoma of the head of the pancreas, 
which, besides causing the typical jaundice, 
causes a marked dilatation of the gall- 
bladder. Calcium carbonate (CaCQs), be- 
sides existing as calculi in the gallbladder, 
may cause a complete calcification of the 
biliary vesicle or may be present as “milk 
of calcium”’ bile. 
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Neoplasm, though more rarely, is also a 
factor in gallbladder disease. Besides being 
subject to carcinomatous changes, the gall- 
bladder occasionally harbors adenomata 
and papillomata. The adenomata are char- 
acteristically at the fundus and are asso- 
ciated with papillomata in 18 per cent of 
cases. The former are almost invariably 
single. Papillomata are usually multiple, 
and rarely found near the fundus. Neither 
seems to bear any relation to carcinoma- 
tous changes. Carcinoma seems to be more 
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Then, there may actually be a congenital 
malformation, a double gallbladder. There 
are several types: (1) vesica divisa, or a 
bilateral viscus; (2) vesica duplex, (a) 
“Y-shaped”’ with two cystic ducts merged 
into one, (4) diverticula with two complex 
cystic ducts opening separately into the 
common ducts. This rare anomaly is best 
explained by postulating the formation of 
two embryonic buds from the common 
duct, instead of the usual one. At times, 
the gallbladder, though not actually 


Fic. 5. Congenital deformities of the gallbladder. Hook-shaped vesicle 
in 4, and constricting bands in B. 


commonly found in association with gall- 
stones. The usual sites are the fundus and 
neck of the gallbladder. 

Besides these changes that are actually 
related to disease, there are abnormalities 
in the shape and position of the gallbladder 
which have their origin in developmental 
as well as disease processes. Deformed gall- 
bladders are seen, whose irregularity and 
deformities result from the adhesions inci- 
dent to pericholecystitis. Occasionally the 
gallbladder shows a typical hour-glass ap- 
pearance. There are frequently found gall- 
bladders which exhibit a marked degree of 
kinking; this may be present either be- 
tween the body and infundibulum or be- 
tween the body and fundus (Fig. 5). This 
is not of extreme clinical importance. 


double, does possess diverticula. The origin 
of these diverticula is disputed and is prob- 
ably varied. They may result from ulcera- 
tions with consequent weakening of the 
wall; they may be due to traction; they 
may be congenital; they may be enlarged 
Rokitansky pouches; or may develop from 
the Rokitansky-Aschoff sinuses. Then, the 
gallbladder may assume abnormal posi- 
tions. It may be ptotic and atonic, locating 
itself lower in the abdomen or pelvis; or it 
may be buried either completely or par- 
tially in the liver substance to form an 
intrahepatic gallbladder. 

And now to make the final correlation 
of all these data, to establish the criteria 
for cholecystographic examination. In all 
cases the patient should be examined be- 
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fore the administration of the dye. This 
examination is of great value for two 
reasons: (1) opaque or semi-opaque calculi 
may be more readily visualized, and (2) the 
gallbladder may reveal itself due either to 
calcification or the presence in it of “milk 
of calcium”’ bile. Thus, those calculi with 
a lower calcium content may reveal them- 
selves more readily on a “‘flat”’ film since 
their presence may be obscured by the 
dye. Incidentally, the presence of calcare- 
ous areas due to calcified mesenteric nodes 
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by a thin layer of calcium. This calcified 
gallbladder is to be differentiated from a 
gallbladder containing “milk of calcium” 
bile. It is distinguished by its rather mot- 
tled and pencilled shadow in contrast to 
the dense opacity of the latter. Typically, 
the latter has calculi in the cystic duct. 
Both are typified by their persistent visual- 
ization after the fatty meal or, in fact, their 
permanent visualization. 

Fourteen and sixteen hours dheer the 
final dye ingestion, exposures are made. 


Fic. 6. Calcium incrustated calculi in 4, and radiotransparent 
calculi in B. The latter are only revealed by contrast with the 
opaque dve in the vesicle. 


or urinary tract calculi may be visualized 
and later evaluated. 

Calculi vary in appearance on a roent- 
genogram, depending upon their content. 
They appear as radiopaque or radiolucent 
or negative areas, varying in size from 0.5 
to 2.0 cm. in diameter. The presence of the 
calcium in the stone gives it its opaque 
qualities; when cholesterol and bile pig- 
ments are the main constituents of the 
gallstone, a radioparent shadow results. 
So the calculi may appear as small, cir- 
cumscribed areas of opacity, as single areas 
of radiotransparency, or as areas of trans- 
parency with a thin circumscribed opaque 
border. It is these stones composed mainly 
of cholesterol which are not readily visual- 
ized before the administration of the dye. 
A calcified gallbladder appears as an oval 
body whose border is sharply demarcated 


Several possibilities present themselves at 
these examinations. The gallbladder may 
or may not be visualized; its shadow, 
though visible, may be vague and faint. 
A nonvisualized gallbladder results from 
several possible causes: (1) most typically, 
due to a loss of concentration power by the 
bladder mucosa, the result of an acute or 
chronic cholecystitis; (2) cystic duct ob- 
struction; (3) common duct obstruction; 
(4) organic disease of the liver and pan- 
creas; (5) gallbladder filled with stones; 
(6) presence of acute pyloric pathology 
with peritoneal involvement. 

However, the gallbladder, though vis- 
ible, may appear as only a faint, barely 
discernible shadow in spite of the accuracy 
of the technique; such a finding is indica- 
tive of a disease process. But a faulty 
visualized gallbladder, when it persists un- 
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changed after the fatty meal, and perhaps 
is so revealed before dye is administered, 
may be taken to represent a hydrops of 
the gallbladder. 

The degree of concentration of the dye 
(which varies in individuals) by the gall- 
bladder can be estimated by comparing the 
roentgenograms taken at the fourteen, fif- 
teen and sixteen hour examinations, the 
latter after the fatty meal. These exposures 
are labelled 4, B and C, successively. 
Roentgenogram B reveals, as a rule, a 
denser vesicle silhouette than 4 with prac- 
tically no change in size; whereas, C shows 


Fic. 7. Normally functioning gallbladder. Note the 
degree of concentration in B, roentgenographed 
after the fatty meal. 


in the normal individual a contracted 
vesicle, 40 to 60 per cent smaller than that 
in 4. An impaired functioning of the gall- 
bladder may show no change in the size 
of the vesicle and no variation in the con- 
centration of the dye on the successive 
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I'1G.8. Poorly concentrating vesicle (GB), containing 
calculi (arrow). The gallbladder fundus is adherent 
to the hepatic flexure. 


films. It is this type of gallbladder that 
may reveal single or multiple, positive or 
negative shadows. The former indicate 
biliary calculi, while the latter may indicate 
calculi, papillomata, adenomata or a car- 
cinomatous lesion. Although it should be 
theoretically possible to differentiate the 
latter conditions, practice has proved, as 
a rule, the contrary. However, it should be 
borne in mind that the benign lesions are 
sessile, more likely to occur singly and are 
situated at the fundus of the gallbladder. 
The negative shadow produced by a can- 
cerous lesion may show a ragged edge and 
be stationary on all roentgenograms. The 
“strawberry” gallbladder is also.a patho- 
logical entity and is not always recogniz- 
able roentgenographically as such. The 
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roentgenographic appearance of gallblad- 
ders with congenital deformities will be 
readily obvious. 

Table 1 indicates the number of exam- 
inations made during two periods. The 
first period extended from March 21, 1934, 
to October 31, 1934, in which 623 chole- 
cystographies were done by employing 
various techniques. Of this number, 193, or 
30 per cent, did not reveal the gallbladder 
shadow; 42, or 21.7 per cent, of the latter 
were re-examined and nonvisualization of 
the gallbladder was again encountered, and 
were, therefore, considered to be patho- 
logical. The balance of those in this group 
were either visualized and considered nor- 
mal (a fair percentage), some were visual- 
ized and reported to be abnormal, while a 
small number of these patients did not re- 
turn for re-examination. Several were 
operated on, on account of the presence of 
definite clinical indications. 

The second period extended from No- 
vember 1, 1934, to April 16, 1935, in which 
the subintensive and intensive methods 
only were employed, according to indica- 
tions. Of the 472 cholecystographies, 112, 
or 23.5 per cent, of the gallbladders were 
not visualized. Of the latter number, 13, 
or 11.6 per cent, were not visualized at the 
second examination and were finally con- 
sidered diseased. The explanations for the 
balance in this category are the same as 
those given in the first group. 

The salutary effect of the subintensive 
and intensive methods on the final result 
is apparent by (1) the larger number (76.5 
per cent) of gallbladders visualized in the 
second group even though a lesser number 
of examinations were made; (2) the lesser 
number (11.6 per cent) of nonvisualized 
pathological gallbladders as compared with 
21.7 per cent of the first period when vari- 
ous methods of examination were em- 
ployed. 

Table 1, reviewing the operative find- 
ings in 81 patients, who have been roent- 
genographed in the period of this study, 
reveals some interesting data. Of g patients 
in whom apparently normal gallbladders 


were revealed on the roentgenograms, 4 
were found pathological at operation. This 
is a curious phenomenon observed by the 
authors and others on rare occasions, in 
that the diseased vesicle will function and 
appear normal roentgenographically. The 
gallbladders found normal after laparot- 
omy, although not visualized, occurred in 


Taste II 
Operative Findings 
4 gallbladders found normal 
Ica. pancreas; gallbladder 
normal 
4 cholecystitis 
1 normal gallbladder 
34 visualized I intrahepatic viscus 
pathological \12 cholecystitis 
| 20 cholecystitis with calculi 
1 ca. gallbladder 
1 gallbladdernormal ;cirrhot- 
ic liver ; 
, 1 gallbladder normal; node 
behind gallbladder 
27 cholecystitis with calculi 
| 8 chronic cholecystitis 


Roentgen Findings 


9 visualized normal 


38 nonvisualized 
pathological 


one case of cirrhosis of the liver and in the 
second case it was due to a node behind 
the cystic duct which prevented the influx 
of halogenated bile. 

A belief postulated by Whitaker and 
others, that on rare occasions a normal gall- 
bladder will fail to fill with any technique 
employed, may be relegated to the past. 
We must hastily qualify, however, that 
this phenomenon may occur in the pres- 
ence of a severe constitutional disease. 
Kirklin aptly stated, and in perfect accord 
with our views, that “‘when the technic... . 
is without flaw, the gallbladders of normal 
persons almost invariably respond .. . to 
the test; in the apparent exceptions the 
roentgenologist usually assumes that he, 
not the test, has failed.” 

Finally, for the proper consummation of 
the Graham test, meticulous care to all 
details is paramount, viz., the proper se- 
lection and preparation of the patient, ac- 
curate roentgenographic technique and the 
application of mature judgment in the 
interpretation of roentgenographic criteria. 
The latter is obviously based on the oft- 
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repeated dictum, re-emphasized by Bur- 
den, of the necessity of understanding the 
phy siology of the biliary tract and its 
reservoir, as well as the changes occurring 
therein incident to disease. 


Since completing this paper, 25 additional pa- 


tients have been operated on, verifying, in each in- 
stance, the roentgenographic diagnosis of pathology, 
based on the criteria discussed in this manuscript. 


8. 


. Boypen, E. 


. BRONNER, 


REFERENCES 


. Antonucci, C. Rapid cholecystography. Presse 


méd., 1932, 40, 983-986. 
Anzitott1, A. Interpretation of negative chole- 
cystograms. 4rch. di radiol., 1932, 8, 26-63. 


. Beccnin1, G. Cholecystography and surgical 


control. Radiol. med., 1927, 74, 21-32 
Boypen, E. A. Study of behavior of human gall 
bladder in response to ingestion of food. Anat. 
Rec., 1926, 7}, 201-239. 
A. Gall bladder vs. nag papil- 
lae. Proc. Soc..Exper. Biol. Med., 1927 
1928, 25, 99. 


. Boypen, E, A. Concerning prevalent denial of 


functions long attributed to gall bladder. 
Surg., Gynec. &F Obst., 1928, 46, 30-41. 


. Boypen, E. A. The “Phrygian cap” in cholecys- 


tography; congenital anomaly of the gall- 
bladder. Am. J. Roentcenow. & Rap. THER- 
APY, 1935, 33, 589-602. 

Bionp, K. New symptom in cholecystography 
and its clinical significance. Klin. Wchnschr., 
1929, 8, 1572. 


. Bronp, K. Cholecystography and function of 


gallbladder. Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1930, 47, §71-581. 

Cholecystographic emptying of 
gallbladder and its interpretation. Fortschr. 
a. d. Geb. d. Réntgenstrahlen, 1929, 39, 23-76. 


. Burpen, V. G. X-ray gall bladder; surgical 


opinion. Am. F. Surg., 1933, 22, 60-63. 


. Case, J. T. Relative value of cholecystography 


and so-called direct and indirect methods of 
roentgenological examination of gall-bladder. 
Am. J. Roenrcenot. & Rap. THERAPY, 1926, 
16, 238-247. 

Case, J. T. Interpretation of cholecystographic 
findings; operative check in 277 cases. dun. 
Surg., 1929, 89, 222-236. 

Cuiray, M., Lesace, J., and Tascuner, E. 
Hepatic elimination of tetraiodophenolphtha- 
lein and its relation to cholecystitis. Presse 
méd., 1931, 39, 1605-1608. 

Cuiray, M., Lomon, A., and Atsot, G. La 
vésicule, sa topographie radiologique et 
clinique, son exploration par le palper abdo- 
minal, Presse méd., 1929, 37, 1437-1440. 


Historical Review of Roentgen 


Studies of Gallbladder 561 


16, Cote, W. H. Simultaneous cholecystography 


33+ 


34: 


5 S. F. 


and determination of liver function. Proc. Soc. 
Exper. Biol. & Med., 1926-1927, 24, 500-502. 


. D'Amato, G. F experience with cholecys- 


tography. Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1927, 25, 29-41, 


. D'Amato, G. Normal and pathological pictures 


of gall-bladder, Radiol. med., 1926, 1}, 630- 
644. Abst. Am. J. RoEnTGENOL, & Rap. THER- 
APY, 1927, 77, 369. 

Deario, A. J. Unusual cholecystograms and 
their interpretation. Am. J. RoEntGEno., & 
Rap. THERAPY, 1930, 24, §16-522. 

De.ario, A. J. Paths of absorption and excre- 
tion of sodium tetraiodophenolphthalein. 7. 
Lab. &§ Clin. Med., 1931, 76, 329-340. 


. Exrasz, E. Recent concepts of roentgen tests of 


gallbladder function. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, 1932, 46, 402-413. 


. Erman, R., and Granam, E. A. Pathogenesis of 


“strawberry” gallbladder (cholesterosis of 
gallbladder). Arch. Surg., 1932, 24, 14-22. 


. Eusterman, G. B. Clinical appraisal of chole- 


cystography. Surg., Gynec. & Obst., 1928, 47, 
567. 


. Fiscumann, M. Contribution of peroral chole- 


cystography. Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1928, 78, 522-525. 


. Friepricn, H. Gallbladder with weak concen- 


trating power. Deutsche Ztschr. f. Chir., 1926, 
798, I-10. 


26. GraHamM, E. A. New development in our knowl- 


edge of the gall bladder. 4m. 7. M. Sc., 1926, 
172, 625-643. 


. Granam, E, A. Present status of cholecystog- 


raphy and remarks on mechanism of empty- 
ing of gall bladder. Surg., Gynec. & Obst., 
1927, 44, 153-162. 


. Hamrick, R. A. Emptying of gall bladder; ex- 


perimental study. 


Am, F. M, Sc., 1927, 174, 
168-181. 


. Harinc, W., and Horsters, H. Roentgeno- 


graphic appearance and chemical composition 
of gallstones. Fortschr. a. 4. Geb. d. Réntgen- 
strahlen, 1932, 46, 546-553. 

, Hicks, G. S., and Martin, 
D. L. Double gallbladder. Arch, Surg., 1933, 
275 925-909. 


. Ittincwortn, C. F. W., and D. P. D. 


Cholecystography. Brit. M. F., 1925, 2, 1046- 
1048. 

Ivy, A. C. Physiology of gall bladder. Physiol. 
Rev., 1934, 74, 1-102. 

Jianu, S. Observations on 100 cases of chole- 
cystography. Cluj. med., 1930, 17, 560-565. 
Jounson, J. B., and Harre.t, H. C. Analysis of 
cholecystographic findings in 300 cases, with 
comparison of operative findings in cases oper- 

ated on. Radiology, 1935, 25, 300-302. 


IQ. 

20. 

3 

—— 

q 

10 

| 
3° 
| 
13. 
14. 32. fe 
= 

} 


35. 


36. 


40. 


42. 


43- 


44. 


45. 


46. 


48. 


49. 


50. 


gi. 


§2. 


53- 


562 


June, T. S., and Moore, S, Study of “rapid 
cholecystography.” Am. J. RoentcENoL. & 
Rap. THERAPY, 1935, 33, 194-204. 

Kino, J. H., and Martin, L. Clinical evaluation 
of cholecystography by oral administration of 
tetraiodophenolphthalein. Bull. Fohns Hop- 
kins Hosp., 1927, 41, 219-225. 


- Kirxuin, B. R. Short summary of present status 


of cholecystography. Fortschr. a. d. Geb. d. 
Rontgenstrahlen, 1928, 78, 852-856. 


. Kirxuin, B. R. Cholecystographic diagnosis of 


papillomas of gall-bladder. Am. J. Roent- 
GENOL. & Rap. THERAPY, 1931, 25, 46-50. 


. Kirkuin, B. R. Necessity for accurate technique 


in oral cholecystography. Am. J. Roent- 
GENOL. & Rap. THERAPY, 1931, 25, 595-601. 

Kirkuin, B. R. Cholecystographic diagnosis of 
neoplasms of the gallbladder. Am. J. RoEnt- 
GENOL. & Rap. THERAPY, 1933, 29, 8-16. 

Kirkuin, B. R. Technic for oral cholecystog- 
raphy. Radiog. & Clin. Photog., 1934, 10. 
18-20. 

B. R., and BLaxe, T. W. Cholecystic 
disease. 7. 4m. M. Ass., 1935, 105, 1416-1419. 

Kopama, Suuicui. Model to simulate the emp- 
tying of gall bladder. 4m. F. Physiol., 1926, 
77> 385-388. 

KornsiuM, K., and Hatt, W. C. Roentgeno- 
logical significance of “milk of calcium”’ bile. 
Am. J. Roentcenot. & Rap. THERAPY, 1935, 
33, 611-623. 

Krause, W. F., and Wuiraker, L. R. Effects of 
different food substances upon emptying of 
gallbladder. 4m. 7. Physiol., 1928, 87, 172- 
179. 

Lawson, J. D. Relative values of cholecys- 
tography and gastrointestinal series in diagno- 
sis of cholecystitis. AM. J. RoENTGENOL. & 
Rap. THERAPY, 1927, 78, 249-253. 

Leonarp, R. D. Secondary signs of gall-bladder 
pathology. Am. J. Roentcenot. & Rap. 
THERAPY, 1923, 70, 521-526. 

Levene,G. Studyof gall-bladder contractions as 
aid in roentgen diagnosis of gall-bladder dis- 
ease. Am. J. Roentcenot. & Rap. THERAPY, 
1931, 26, 87-91. 

McNameg, E. P. Intrahepatic gallbladder. Am. 
J. Roentcenot. & Rap. THERAPY, 1935, 
603-610. 

NascEL1, T. Roentgenological examination of 
gallbladder in pregnancy and in puerperium. 
Schweiz. med. Wehnschr., 1929, 59, 267-269. 

Nemours-Aucuste. Concerning two new tech- 
niques of cholecystography. Bull. et mém. Soc. 
de radiol. méd. de France, 1933, 27, 119-127. 

Nemours-Aucuste, S. Study of reflex evacua- 
tion of gallbladder. Presse méd., 1933, 47, 
1106-1109. 

Oaxman, C. S. Radiographic diagnosis of gall- 
bladder disease. Radiology, 1926, 7, 201-210. 


Lewis J. Friedman and Paul S. Friedman 


54- 


58. 


60. 


61. 


APRIL, 1938 


Pittmore, G. U. Technique of gall-bladder ex- 
aminations. Am. J. Roentcenor. & Rap. 
THERAPY, 1928, 20, 539-544. 


. Pinetu, L. Biliary elimination of tetraiodo- 


phenolphthalein in diabetic patients. Clin. 
med. ital., 1934, 65, 142-151. 


. Prrazzoui, A. Cholecystography. Arch. di radiol., 


19335 9, 433-467. 


. Porpes, F. Visibility of liver, gallbladder and 


urinary bladder in the ordinary roentgeno- 
gram. Fortschr. a. d. Geb. d. Réntgenstrahlen, 
1925, 6g0-692. 

Rewsripce, A. G., Hanke, M. T., and Hat- 
pert, B. Further observations on function of 
gall bladder; experiments with methylene blue 
on dog. 4m. F. Physiol., 1930, 95, 511-518. 


59. Ross1, A. Atonic gall-bladder and strawberry 


gall-bladder. Am. J. Roentcenor. & Rap. 
THERAPY, 1932, 27, 205-224. 

Ruptsitt, H., Jr. Gallbladder visualization in 
jaundiced patients. 7. dm. M. Ass., 1930, 95, 
1425. 

SanpBLom, P. Function of human gallbladder 
studied in connection with blood transfusions 
and after stomach operations. 4cta radiol., 
1933, 74, 249-258. 


. SanpstrOM, C. Oral method and roentgen tech- 


nique in cholecystography. Acta radiol., 1929, 
10, 271-290. 


. SanpstrdOm, C. Eine verbesserte Administra- 


tionsweise bei der peroralen Cholezysto- 
graphien. Acta radiol., 1931, 72, 8-22. 


. Sanpstr6m, C. Oral cholecystography and its 


value. F. de radiol. et d’électrol., 1932, 16, 358. 


. ScxénpuBeE, W. Contribution to mechanism of 


emptying of gallbladder. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, 1929, 39, 865-871. 


. Sessa, P., and Porta, R. Roentgenologic study 


of gallbladder by means of cholecystography. 
Radiol. med., 1927, 14, 192-208. 


. Skinner, E. H., Lockwoop, I. H., and De- 


weEeEsE, F. R. Failure of cholecystographic 
filling in presence of acute pyloric pathology. 
Am. J. Roentcenot. & Rap. THERAPY, 1928, 


79, 340. 


. Snow, W. Cholecystography and transduodenal 


biliary drainage. Am. J. RoentGenot. & Rap. 
THERAPY, 1928, 20, 358-363. 


. Snow, W. Diagnosis of hydrops of gallbladder 


by Graham test. 7. 4m. M. dss., 1928, 90, 
1536. 


. Sproutt, J. S. Cholecystography; method of 


oral administration of sodium tetraiodophe- 
nolphthalein without use of capsules or pills. 
Am. J. Roentcenot. & Rap. THERAPY, 1927, 


77, 316-319. 


. Stewart, W. H. Some observations on oral 


method of cholecystography. Boston M. & 
S. F., 1927, 196, 509-518. 


= — 

|_| 

fs, 
*. 
37 

= 

a 

= 

= 

= 

6 

|| 

= 

= 69 

= 70 

| 

Bx 

ic 


. VasTIne, J. 


Stewart, W. H., and Ixuick, H. E. Plea for 
standardization of technic in oral method of 
cholecystography. Radiology, 1928, 77, 271- 
280. 


. Srewart, W. H., and Iiuick, H. E. Intensified 


oral cholecystography. 4m. F. Digest. Dis. & 
Nutrition, 1934, 7, 337- 

W. H., and H. E. Advantages 
of intensified oral cholecystography. Am. J. 
RoEenTGENOL. & Rap. THERAPY, 1935, 33; 
624-629. 


. Srewart, W. H., and Ryan, E. J. Reliability of 


cholecystography by oral method as shown by 
analysis of 100 consecutive cases. Am. J. 
Roentcenot. & Rap. THERAPY, 1926, 76, 


234-237: 


. Srewart, W. H., and Ryan, E. J. Cholecys- 


tographic studies after administration of some 
of the popular cholagogues. Am. J. Roenrt- 
GENOL. & Rap. THERAPY, 1928, 79, 341-343. 
H. Diverticulum of gallbladder. 
Am. J. Roenrcenot. & Rap. THERAPY, 1934, 
31, 603-606. 


Historical Review of Roentgen 


84. 


85. 


Studies of Gallbladder 


Viett1, M. Gallbladder examination in erect 
position. Radiol. med., 1927, 14, 508-523. 
Waters, C. A., and Firor, W. B. Further 
studies in application of intravenous chole- 
cystography and liver function determination 
as employed in office practice. Am. J. RoEnr- 
GENOL. & Rap. THERAPY, 1931, 25, 590-594. 


. Wurraker, L. R. Mechanism of gall bladder. 


Am. F. Physiol., 1926, 78, 411-436. 


. Wuiraker, L. R. Experiences with cholecys- 


tography. 7. 4m. M. Ass., 1926, 86, 239-243. 

Wuiraker, L. R. Problems in normal and in 
abnormal physiology of gallbladder. Arch. 
Surg., 1929, 78, 1783-1802. 

Wuiraker, L. R., and Ettswortn, S. W. Im- 
proved oral method for cholecystography. 
New England F. Med., 1931, 205, 1183-1186. 

Wuiraker, L. R. Relation of biliary dysfunc- 
tion to lithiasis. New York State F. Med., 1934, 
345 221-236. 

Wricut, H. E. Study of comparative values of 
oral and intravenous methods of gall-bladder 
visualization. South M. F., 1931, 24, 375-378. 


39> 
72. 78. 
/ 
= 
73 
hs, 
83. 
|_| 
57 
/ 
{ 


APRIL, 1938 


AQUEOUS PREPARATIONS TO SUPPLANT 
OIL IN ROENTGENOGRA PHY* 


By HOWARD LILIENTHAL, M.D. 


NEW YORK CITY 


symptoms and even 
death have followed the use of iodized 
oil in the lungs. I have heard of three fa- 
talities, not published and fortunately not 
my own—one an acute edema of the glot- 
tis. Amberson and Riggins! report cases in 
which bronchography with iodized oil was 


Fic. 1. Case 1. S. B. Right lower lobe demonstrates 
bronchi and also lung abscess. The upper shadow 
is that of the scar of another lung abscess of years 
before. A little of the opaque substance is seen in 
the left lower lobe as well. 


followed by exacerbation or death in tuber- 
culosis of the lungs. Their contribution is 
interesting and valuable, and there is an 
extensive bibliography. In an abstract in 
the Fournal of the American Medical As- 
sociation of January 8, 1938, taken from 
the Fournal of Allergy,’ | find the following: 
“These reactions may be due to allergy to 
iodine and poppyseed oil, to circulatory 
failure, to spread of infection and to dam- 
age to pulmonary tissue. Fatal reactions 
are not rare.”” In my own experience, a pa- 
tient with a bronchial fistula, many years 
after thoracoplasty, was subjected to the 


iodized oil method in the hope of demon- 
Strating bronchiectasis as a cause of the 
large amount of sputum which was being 
expelled. There was a reactivation of the 
tuberculous infection and a few weeks later 
a severe hemorrhage, for which the patient 
was referred by me to the Lenox Hill Hos- 
pital where he was treated under the direc- 
tion of Dr. Carl Eggers. The tuberculous 
process gradually receded so that the pa- 
tient’s condition is now good. The fistula, 
however, is still present, and the iodized 
oil did reveal bronchiectasis. 

It must have occurred to many that a 
substance of equal opacity but less per- 
manence in the tissues would be most de- 
sirable. For many years I have employed 
iodoform, made into a paste or liquid sus- 
pension, as an opaque antiseptic medium 
in the delineation of cavities or sinuses in 
the chest or elsewhere. Instead of aggra- 
vating tuberculous processes this chemical 
tends to check them.’ My intimate ac- 


Fic. 2. Case 1. C. W. Following left thoracoplastic 
apicolysis, with continued expectoration. Left 
lower lobe bronchi moderately dilated. Sacculated 
bronchiectases of left upper lobe. Compare with 
lateral view in Figure 3. 


* Presented before the Tuberculosis Sanatorium Conference of Metropolitan New York on October 13, 1937. 
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Fic. 3. Case 11. See legend of Figure 2. 


quaintance with the value of this substance 
as a therapeutic agent dates from my early 
days in medicine. In 1895 I wrote an article 
on iodoform, as collaborator with the late 
Arpad G. Gerster, for Foster’s ‘“‘Ther- 
apeutics.’” 

In extremely rare instances an individual 
may be sensitive to iodoform both locally 


om 


a 


Fic. 4. Case 11. Same date, after coughing. Some 
emptying with resulting fluid levels. 


Fic. 5. Case 11. Twelve days after the bronchog- 
raphy. The opaque medium has disappeared. 


and as a systemic poison. Therefore it has 
been my custom to make a patch test of 
the skin unless the substance had been pre- 
viously employed without harm. I cover a 
grain or two with a square of adhesive plas- 


Fic. 6. Case m1. J. S. Apicolytic thoracoplasty. 
Bronchography done to determine whetherga 
cavity might be present in lower chest, where 
divided ribs have not come together. No cavity is 
seen. 
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es Fic. 8. Case 11. Three days after the preceding 
% roentgenogram. Not all of the medium has yet 
disappeared. 
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ter on the patient’s forearm. In a few hours, 
up to twenty-four, the plaster is removed, 
and unless there is redness or itching we may 
assume the absence of an allergic reaction.* 

Another disadvantage of oil in the bron- 
chi, whether it be iodized or not, is that 
when there is dilatation with or without 
stenosis as a cause, the opacity may re- 
main for many months; in one of my cases 
it was clearly seen two years after its in- 


Fic. 9. Both exposures at the same time in horizon 
tal position. Compare degree of opacity: 4, iodo- 
form-glucose 40 per cent in translucent rubber 
tube; B, lipiodol in a piece of the same rubber tub- 
ing. (Exposures by Dr. Rudolph J. Horvath.) 


stillation, leading to confusion in subse- 
quent examinations. 

A still more serious matter is the pro- 
duction of permanent changes in the 
healthy lung itself by oily substances. Ex- 
amples are the lipoid pneumonia in chil- 
dren who have been intranasally sprayed 
with oil, and foreign body granulomatosis 
in adults.’ 

Cole and Harper’ note that there are in- 
dividual differences in the rapidity of elimi- 
nation of iodized oil. They state in their 
summary that it is contraindicated in acute 
tuberculosis, though it may be valuable in 


* Systemic poisoning is most unusual—apparently more so 
than iodine intoxication. 
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nontuberculous lung diseases—an observa- 
tion which is confirmed by others.‘ 

Formerly, when I had filled cavities of 
considerable size, such as_ extrapleural 
spaces or empyema pockets, with petrola- 
tum and iodoform for therapeutic or roent- 
genological purposes, the iodoform was 
absorbed, but at subsequent operation the 
petrolatum was still present. Therefore I 
have lately employed one of the cholester- 
inized absorption bases. These will take up 
more than $0 per cent of aqueous solutions 
and are in turn taken in by the tissues. A 
number of these ointments are on the mar- 
ket and can be supplied by any reputable 
dispensing pharmacist. 

In my search for a substitute for oil, 
liquid invert sugar was suggested to me by 
Dr. Martin W. Ware of New York.* I lost 
no time in making use of this substance for 
the suspension of iodoform powder. The re- 
sult of my first observation is demonstrated 
in Figure 1.¢ The picture is that of a lung 
abscess, and the film shows the bronchi 
quite as clearly as they might have been 
seen had oil been used instead of the invert 
sugar syrup. In another film, presented at 
the same meeting, one of chronic saccula- 
ted empyema, iodoform and cane sugar 
syrup had been employed at my suggestion 
by Dr. J. B. Stenbuck. The shadow was as 
strong as one might have seen had iodized 
oil been used. 

In order to have an accurate formula 
for the preparation of the iodoform suspen- 
sion, Mr. Fred Lascoff** made for me sam- 
ples of 10 per cent, 20 per cent, 30 per cent, 
and 40 per cent of iodoform in 33.5 per 
cent syrupy glucose (U.S.P.) and distilled 
water. The 30 per cent mixture is recom- 
mended for general use. This suspension 
may be further diluted with water, if it 
seems desirable, in order to make it flow 
more readily (Fig. 9). The mixture should 
be well shaken. High temperature decom- 


* Since this paper was written, glucose, dextrose, etc., have 
been employed by pharmaceutical manufacturers (Parke, Davis 
& Co.) to take the place of oil in certain nasal and other sprays. 

Tt Presented before the New York Society for Thoracic Surgery, 
May 29, 1927. 

** Of J. Leon Lascoff and Son, Pharmacists. 
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poses iodoform, and it should therefore not 
be sterilized by heat. 

While it is quite possible that further ex- 
perience may reveal contraindications for 
the use of this preparation, comparison 
with the disadvantages of oily substances 
is instructive. The accompanying figures 
illustrate the application of the iodoform 
and syrup suspension. The bronchographic 
injections were carried out by Dr. J. Scotty 
Schapiro at Mt. Sinai Hospital. 

This paper is presented for the informa- 
tion of thoracic and other surgeons so that 
the dangers and some of the inconvenience 
of oil may be eliminated. 
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BENIGN BONE LESIONS SHOWING SPINDLE 
CELL INVASION OF BONE 


RESULTS OF ROENTGEN TREATMENT* 
By JOHN T. MURPHY, M.D. 


TOLEDO, OHIO 


) ¥ IS not my intention in presenting these 
few cases of bone pathology to enter into 
a discussion of all the conditions which 
upon microscopic examination present a 
predominance of spindle cells, but rather 
to stress one form of this invasion which I 
believe to be inflammatory in origin. The 
roentgenological appearance of this condi- 
tion may take many forms, and it may be 
very difficult to arrive at the proper inter- 
pretation, or even to distinguish between 
benign and malignant growths. The pres- 
entation of these 4 cases, which is all that 
time will permit, shows that when this 
pathology exists, roentgen therapy offers 
a good mode of treatment. The following 
from a paper by Phemister! will elucidate 
the pathology. 


Chronic fibrous osteomyelitis is a term that 
may be applied to any long-standing pyogenic 
infection of the bone in which the reaction on 
the part of the fibroblasts in contrast with the 
infiltrative cells becomes the outstanding fea- 
ture of the lesion. As is well known, it may 
come as the end state of acute pyogenic osteo- 
myelitis in which there has been suppura- 
tion, necrosis, absorption, and cavity forma- 
tion. As repair takes place the cavity may be 
filled with fibroblastic tissue showing varying 
degrees of maturation. There is usually more or 
less osteosclerosis with the formation of a bony 
shell about it. Gradual replacement by hemo- 
poietic and fatty marrow may ultimately come 
about. 

In contrast with this condition we may see 
a form of osteomyelitis pursuing a chronic 
course from the onset in which a circumscribed 
area of bone is broken down by fibroblastic 
activity and the space filled up with soft tissue. 
This lesion deserves special consideration, since 
by the time it has come to operation it is devoid 
of the usual microscopic changes of pyogenic 
infection and bears much resemblance to be- 
nign giant cell tumor and osteitis fibrosa, with 
which it is sometimes confused. 


With this brief introduction I shall pre- 
sent 4 illustrative cases. 


REPORT OF CASES 


Case 1. L. W., female, aged eighteen, stu- 
dent. Examined October 17, 1933. She com- 
plained of pain in the right shoulder about the 
clavicle and that she was not sure of the grasp 
of the right hand. 

One year previously she had injured the 
clavicle with supposed avulsion of the clavicle 
from the sternum. This had been painful for 
one year, and there was loss of sensation in that 
area. There had been no loss of weight. 

The family history was negative. She had 
had the ordinary diseases of childhood. 

Physical examination was negative except 
for the right upper extremity. Reflexes and sen- 
sations were diminished here. A tender mass 
was noted in the inner portion of the right 
clavicle extending out from the sternoclavicular 
joint for 23 inches. 

There was no preoperative rise in tempera- 
ture. The postoperative temperature was 98.8 
to 100.4°F.; normal on the fourth day post- 
operative. 

The blood Wassermann and Kahn tests were 
negative. 

On October 20, 1933, before operation, the 
hemoglobin was g2 per cent. Red cells were 
4,950,000, white cells 10,000, polymorphonu- 
clears 72 per cent, large mononuclears 3 per 
cent, and acidophils 1 per cent. 

Upon roentgen examination October 17, 1933 
(Fig. 1), the inner half of the right clavicle 
showed a definite widening of the bone, which 
increased toward the inner third. There was no 
new bone formation outside the shaft. The in- 
volved portion of the shaft showed areas of in- 
creased density and bone destruction. Some of 
the destroyed areas were fairly large and cystic 
in nature toward the outer portion of the lesion. 
There were definite longitudinal striae on the 
outer end due to lifting of the periosteum. 
These resembled Ewing’s tumor. 

The roentgen diagnosis was non-suppurative 


* Read at the Fifth International Congress of Radiology, Chicago, IIl., Sept. 13-17, 1937. 
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osteomyelitis, but we could not entirely rule 
out the possibility of Ewing’s tumor. 

On October 20, 1933, biopsy was done (Fig. 
2). An incision was made along the lower border 
of the clavicle at the proximal end. Dilated 
superficial veins were noted. The periosteum 
was thickened with cystic areas extending 
through the cortex. There was granulation tis- 
sue in the cystic areas. No pus was found. 

Gross pathological examination showed two 
fragments of bone, cortex, and medullary por- 
tion. 


1 


Fic. 1. Case 1. 

Microscopically an area of bone destruction 
and new bone formation was seen. Small bone 
spicules surrounded by osteoblasts and fibrous 
connective tissue containing newly formed 
blood vessels indicated some attempt toward 
repair. Inflammatory granulation tissue with 
giant cells was seen in some areas. A section 
from the medullary portion also showed chronic 
inflammatory granulation tissue formation and 
fibroblastic tissue. Chronic inflammatory 
changes, bone destruction, some bone forma- 
tion, considerable fibrosis, and giant cells were 
present in these sections. No malignant cells 
were seen. 

The diagnosis was chronic fibrosing osteo- 
myelitis with necrosis and granulation tissue 
formation. 

Areas of destruction having the appearance 
of small cysts inside the bone cortex were noted 


by the roentgenologist as well as by the sur- 


geon. 

Roentgen therapy was started on October 
26, 1933 and continued to January 23, 1934, a 
total of 2,476 r being given. The response to 


Benign Bone Lesions 


Fic. 2. Case 1. 

therapy was prompt, pain was diminished, and 
the bone began to regenerate. There was only 
a small reduction in size. The recalcification 
has continued, and the patient has remained 
free from disease (Fig. 3). 


Case 11. S. E., male, laborer, aged thirty-two. 
Examined October 18, 1928, for a swelling of 
the right leg. 

For two months he had had sharp, shooting 
pains in the right thigh, radiating down to his 
knee at times, and increasing in severity. Some 
relief was obtained by applications of heat and 
rest. He had lost about 30 pounds in weight. 
There was no history of trauma, tuberculosis or 
syphilis, nor was there any loss of motion. 

His past history was without significance. 

Physical examination was of no significance 
except for swelling on the anterior portion of 


Fic. 3. Case 1. 
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Fic. 4. Case 1. 


the middle third of the femur, not fluctuant but 
firmly attached to the bone, and unattached to 
the skin. There was no tenderness, no redness of 
the skin, and no evidence of lymphatic involve- 
ment. Reflexes in this leg were diminished. 

Roentgen examination on October 18, 1929 
(Figs. 4 and 5), showed a marked bone change 
in the lower portion of the upper third and the 
entire middle third of the shaft of the left fe- 
mur. There was bone destruction and new bone 
formation. The cortex was destroyed on the 
inner side. A small sequestrum was present. 
The medullary canal was intact. New bone for- 
mation was irregular, but seemed to be laid 
down parallel to the shaft. It was coarse in tex- 
ture, but had a lace-like appearance. The diag- 
nosis was osteogenic sarcoma. 

The patient had no elevation of temperature 
before biopsy. Afterward it was 98.6 to 100.6° F, 
No blood counts were made. 

Biopsy was done on October 29, 1928. 

Incision was made over the growth. No 


pathologic condition was found until the perios- 
teum was reached, which had much cartilagi- 
nous and osseous material, not involving fascia 
or muscle. The surgical diagnosis was osteo- 
chondroma. 

The pathologic sections obtained at this 
biopsy were unsatisfactory so a second biopsy 
was done on November 2, 1928. A section, 
taken about 2 inches above the former area, 
included periosteum, new bone, cortical and 
medullary bone. Some broken down tissue was 
found in the medullary canal. 

The gross specimen showed a portion of bone 
very irregular in shape with marked involve- 
ment by a neoplastic growth (Figs. 6, 7, 8 and 
9). 

Microscopic sections showed new bone for- 
mation and marked fibroblastic tissue, with 
proliferation between the bone forming areas. 
The deeper structures showed proliferating cell 
masses of osteogenic origin invading and de- 
stroying the old bone. The diagnosis was osteo- 
genic sarcoma. 


Fic. 5. Case 11. 
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Fic. 6. Case 1. 


Radiation therapy was started November 13, 
1928, and continued until November 1, 1929. 
Dosage over the leg was 10,686 r, and over the 
chest 3,666 r. 

The progress of the case was slow but favor- 
able, with definite improvement in the general 
condition and the pain. The loss of function 
cleared up and the patient appeared well. On 
August I, 1933, a review of the microscopic sec- 
tions led to the following report: “Sections show 
bone absorption with large areas of fibrous tis- 
sue of inflammatory origin. Other areas show 
new bone formation. No malignant cells are 
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Fic. 8. Case 11. 


seen.”’ The diagnosis now was non-suppurative 
osteomyelitis. 

The patient is still free from symptoms (Figs. 
10 and 11). A roentgenogram taken on October 
3, 1934, eight years later, shows the condition 
to be healed. 


It may seem.strange that a diagnosis of 
osteogenic sarcoma should have been made 
without any of the classical roentgen signs 
usually found in a lesion of this size. I had 
had an unfortunate experience with a 
bizarre case of bone formation in an osteo- 


Fic. 7. Case 11. 
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genic tumor a short time before I saw 
this case. The pathologist’s first report was 
of course erroneous. That the microscopic 
diagnosis was difficult is evidenced by the 
fact that some of the country’s best bone 
pathologists have since made the same 
diagnosis from the sections of this case. 

This case shows that large areas of bone 
may be destroyed without the formation of 
pus, and also that new bone may be formed 
in a rather irregular manner. It is true the 
“sun-burst”’ appearance is lacking, but, 
according to Geschickter, radiating spicules 
may occur in osteomyelitis. This I have 
never seen, but I have seen the type of new 
bone shown here in a case of osteogenic 
sarcoma, not proved by biopsy, but in 
which the patient died of a typical meta- 
static lesion in the chest. 


Case 111. J. H., male, aged fourteen, student. 


John T. Murphy Aprit, 1938 


Examined November 14, 1932. He was unable 
to straighten the left knee. In a football game 
three weeks before, in the latter part of Octo- 
ber, 1932, he injured the left knee, and later 
was unable to bend it. Six months before, he 
bruised the left thigh, and this was followed by 
soreness for several months. 

The personal and family histories were irrele- 
vant. 

He was a well-nourished boy. There were no 
abnormalities except a painful left knee, limited 
in extension to 145 degrees, with no limitation 
of flexion. 

Urinalysis on November 14, 1932, was nega- 
tive. 

Blood count on the same day showed 
4,520,000 red cells, 8,600 white cells, polymor- 
phonuclears 67 per cent, small monocytes 30 
per cent, acidophils 3 per cent, and hemoglobin 
80 per cent. The Kolmer and Kline tests were 
negative on December 1, 1932. The highest 
temperature was 99.6° F. The pulse was 124. 

Roentgen examination on November 1, 1932 


Fic. 11. Case 11. 
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(Fig. 12), showed on the inner side of the lower 
third of the left femur an area of bone destruc- 
tion about 2314 inches, irregular in shape 
with bone reaction about the edges. There was 
no evidence of new bone formation. The medul- 
lary canal appeared normal. Malignancy was 
suspected, although an inflammatory process 

was considered. 

Operation was done November 16, 1932. The 
surgical preoperative diagnosis was sarcoma. 


2. Case 111. 


Fic. 1 


For biopsy, an incision was made over the 
posterior mesial aspect of the left thigh. There 
was marked dilatation of the blood vessels over 
this area. The periosteum was elevated and 
stripped from the posterior surface of the fe- 
mur. 

A hole was drilled 3 inches above the knee 
joint. Bleeding was normal. There was no pus. 
A small break in the cortex, 2 inches above the 
knee, was probed and observed to bleed readily. 
A specimen was removed for biopsy consisting 
of periosteum, cortex, and a thick necrotic 
substance. 

Pathological report showed grossly two speci- 


Benign Bone Lesions 


Fic. 13. Case 111. 


mens, one suggestive of tumor formation, the 
other of osteomyelitis (Figs. 13, 14, 15 and 16). 
There was no pus. 

Microscopic sections from the soft, glistening 
tissue showed the condition to be definitely a 
tumor quite typical of giant cell tumor of bone. : 
The decalcified block showed no osteogenic ele- 
ments, no chondrosarcoma, and no tuberculo- 
sis. Giant cells were somewhat less numerous 
than usual, numbering ten to a low power field. 
The stroma was rich in fibroblasts. No mitotic 
figures were seen. The diagnosis was giant cell 
tumor of bone. Because of the large number of 
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spindle cells present, a review of these sections 
by some of the best pathologists left the feeling 
that a diagnosis of a benign lesion could not 
definitely be made. Because of this the diagno- 
sis was changed to spindle cell sarcoma with 
giant cells. Amputation was considered. How- 
ever, further study of the character of the cells 
found in the biopsy specimen convinced us that 
the condition was benign and the subsequent 
course of the disease proved this to be true. 
Roentgen therapy was started and 2,970 r 
was given to the leg in the next three months. 
Clinical response was prompt and healing be- 
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gan. At the end of six months we felt that the 
only defect remaining was due to the biopsy. 
This has since disappeared, and the patient is 
well (Fig. 17). 


Case tv. I. D., female, aged seven. Examined 
July 17, 1933. She presented the following his- 
tory: A lump on the left wrist had been growing 


Fic. 17. Case 111. 


larger. She fell from the porch about four weeks 
previously. Following this a lump appeared on 
the lateral side of the wrist. The parents be- 
lieved the arm was broken. Roentgenogram 
showed no evidence of fracture. (I did not see 
these plates.) 

Her general health had been good. Measles 
was the only child’s disease which she had had. 

The family history was negative. 

Blood examination August 18, 1933, showed 
hemoglobin 86 per cent, red cells 4,220,000, 
and white cells 13,850. 

She was a well-developed, well-nourished 
child of seven years. There was a greatly hyper- 
trophied left tonsil. Physical findings were 
otherwise negative. The extremities were nega- 
tive except for the left wrist, which showed a 
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marked swelling about the lower end of the 
radius. 

She had no elevation of temperature before 
biopsy. After operation it reached 102° F. 

The roentgenogram showed a definite ex- 
pansile tumor of the lower third of the left 
radius with fracture of the cortex (Fig. 18). 
Some trabeculation was present. Because of the 
location and the patient’s age a diagnosis of 


Fic. 18 


benign bone cyst was made. Previous experi- 
ence with some of these cases had taught us 
that they usually are benign and cause few or 
no symptoms except a tendency to fracture. | 
also believed that they healed after fracture. 
As this case showed a definite fracture, fixation 
was advised and subsequent roentgen examina- 
tion to observe the progress. The patient was 
re-examined on August 15, 1933, because of a 
rapid growth of the palpable mass (Fig. 19). 
The roentgenogram showed a marked increase 
in the size of the growth and few trabeculae. 
Because of the rapidity of growth and the fear 
of osteolytic osteogenic tumor, biopsy was done 
on August 16. Incision exposed the left radius. 
The cortex was very thin. There was a cavity 
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in the bone of about 13 inches in diameter, 4 to 
5 inches in length. A portion of the tumor was 
removed. The cavity was filled with blood. 
Iodine gauze pack was used and the skin 
closed. 

Several small fragments of bone tissue were 
removed for microscopic study. The pathologic 
report of sections (Figs. 20 and 21) showed bone 
absorption with replacement fibrosis in the en- 


. Case Iv. 


tire canaliculi. No marked inflammatory infil- 
tration was present. One area was seen showing 
scattered giant cells in a spindle and small 
round cell stroma. Red blood cells were also 
seen scattered through this cellular substance. 
The diagnosis was giant cell variety of osteitis 
fibrosa. 

At operation there was none of the mulberry- 
like mass of organized tissue which is seen in a 
central giant cell tumor and the microscopic 
report was entirely similar to the other cases 
and to those of Phemister. 

Roentgen treatment was advised but was re- 
fused until October 2, 1933, at which time there 
was marked increase in the size of the growth 
(Fig. 22). Roentgen treatment was started on 
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Fic. 19, Case 


October 4, 1933. A relativély small dose of 
1,330 r in two months was used. The patient 


Fic. 20. Case Iv. 


Fic. 21. Case Iv. 


has improved. At the present time the outside 
diameter of the bone is almost normal. Numer- 
ous areas of new bone are seen as well as areas 


Fic. 23. Case iv. 
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Fic. 22. Case Iv. 


of lessened density. The healing of this case is 
progressing more like the usual result in giant 
cell tumor, except for the marked reduction in 
size. This reduction in diameter I have not 
noted in any other case (Fig. 23). 


CONCLUSIONS 


(1) Some of these spindle cell lesions 
with or without giant cells are the result of 
low grade infection. 

(2) The pathology of these tumors is es- 
sentially the same. 


(3) The differential diagnosis between 
these lesions and a malignant process is not 
easy. 

(4) Some of these cases respond well to 
roentgen therapy. 
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ROENTGEN THERAPY OF INFECTIONS OF THE 
NASAL ACCESSORY SINUSES* 


By FRED M. HODGES, M.D. 


RICHMOND, VIRGINIA 


eos publications have, we be- 
lieve, proved without any reasonable 
question the rationale of roentgen therapy 
in many infections. Leukocytic infiltration 
is an important feature of inflammations 
and it is well known that polymorphonu- 
clears and especially lymphocytes are very 
radiosensitive. 

The action of small therapeutic doses of 
radiation on various tissues has been stud- 
ied by a great many pathologists espe- 
cially by Maximow, Mittermaier, Heineke 
and Warthin. Leukocytes, particularly 
lymphocytes, are destroyed by very small 
doses. Warthin found a rapid destruction 
of lymphocytes almost in an explosive 
manner within fifteen minutes after irradi- 
ation. There are some changes in certain of 
the other cellular elements, but, where 
small doses are used, there is not enough 
definite change for this to be accurately 
demonstarated. 

At first thought, it would not seem logi- 
cal to destroy leukocytes which are acting 
as a protective mechanism against the in- 
fective process. On the other hand, the 
early destruction of some of these cells 
must more rapidly provide adequate 
amounts of the vital substances, ferment, 
antibody or what not, which are contained 
within the leukocyte for defensive pur- 
poses. As a rule, the more marked the leu- 
kocytic infiltration in the tissues, the 
quicker and more marked the response to 
irradiation will be. 

We believe it is the treatment of choice 
in infected rhinophyma, infected angioma, 
infected ordinary and telangiectatic granu- 
loma, furunculosis, acute and subacute 
parotitis, recurrent parotitis with a drain- 
ing sinus and Mikulicz’s disease. 

After fifteen years of study of the sub- 
ject, we wish to add to this group the value 


of the roentgen ray as a therapeutic agent 
in the treatment of carefully selected cases 
of infections of the nasal accessory sinuses. 
Much of the literature on this subject, 
both foreign and of this country, has been 
carefully studied but on account of the lack 
of space only our own experience in this 
field will be given. 

For fifteen years a preliminary sinus film 
has been made on every patient sent in for 
chest examination unless the pathology 
found seemed to be sufficient to explain the 
symptoms, and in all where there was an 
increase in the lower lobe bronchovascular 
shadows. 

These films disclosed numerous unsus- 
pected sinus infections. Many of these 
were in prominent physicians who had not 
in any way suspected these infections. Also 
many were in persons who had been treated 
by one or more rhinologists ‘and were 
thought to be cured of the disease. These 
findings we believe prove: (1) that sinus 
disease is far more prevalent than is usually 
believed; (2) that on account of the meager 
symptoms its diagnosis is being overlooked 
in the majority of instances; (3) that the 
treatment is frequently inadequate; (4) 
that no accurate method of checking the 
results of therapy is in many instances 
being routinely used. 

Many patients with recurring colds were 
allergic, but most of them showed definite 
pathology in the sinuses. The common cold 
that does not clear up after a reasonable 
time is usually a sinus infection. 

We have been able to have most of these 
unsuspected cases of sinus infection re- 
ferred toa rhinologist for therapy and in the 
majority of them have made follow-up 
films in order to check the results of 
therapy. In the average acute or semi-acute 
infection the routine treatment with astrin- 


* Read at the Fifth International Congress of Radiology, Chicago, Ill., Sept. 13-17, 1937. 
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gents, packing, suction, washing, etc. has 
been followed by a clearing up of the pa- 
thology as demonstrated on the film. In 
some, however, in spite of the treatment, 
marked changes have occurred in the 
sinuses, especially the formation of very 
thick membranes, granulations, etc. 

This group has interested us most and 
in our experience has responded more 
favorably to roentgen therapy than any of 
the other types. 


Kic. 1a. Group 1. Case 1. March 10, 1936. Film 
shows marked thickening of membrane. Sinuses 
had been washed out. 


Law has particularly stressed the impor- 
tance of the appearance of the antra before 
and immediately after washing. This pro- 
cedure has been most helpful in this study. 
In reasonably early infections, if the antra 
appear almost normal after washing, usu- 
ally they have cleared up without any 
other treatment, but if there is only a 
small air space with marked thickening of 
the membrane and cellular infiltration, 
washing should not be persisted in unless 
the pathology is clearing up. 

Roentgen therapy here has usually given 
good results both clinically and as demon- 
strated on the film. If they do not clear up 
a radical operation can still be done. 


Infections of Nasal Accessory Sinuses 


Fic. 14. January 8, 1937. Though her right antrum 
had been washed out many times, she still had 
symptoms. 


In acute conditions where the sinuses, 
especially the antra, are absolutely dense, 
we do not believe roentgen therapy should 
be used until after the antra have been 
washed out and the drainage of the frontals 
and ethmoids enhanced as much as pos- 
sible. If the ostia are not open, a rather 
severe reaction may occur, the patient may 
be made worse and the opportunity is lost 


Fic. 1c. April 9, 1937. Following roentgen therapy 
there was rather prompt relief of the symptoms * 
and the sinuses appear practically clear. 
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Fic. 2a- Group 2. Case 11. December 28, 1936. Films 
show dense ethmoids and antra. Symptoms for 
more than one year. Antra had been washed many 
times. Allergic, asthmatic. 


of knowing as much as possible about the 
pathology present before treatment. 
Believing that acute infections with pus 
here as in other parts of the body should 
be drained, we have not except under un- 
usual circumstances, as will be explained 
later, treated any of these with the roent- 
gen ray except in acute pansinusitis where 
small amounts of radiation have been 
given, but only after the rhinologist had 
shrunk the membranes as much as pos- 
sible. They feel that this has caused freer 
drainage and that the pathology has 
cleared more rapidly. Since no radical 
treatment is indicated, or safe in acute 
pansinusitis, we believe small doses of ra- 
diation should be given after the rhinolo- 
gist has opened the passages as best he can 
with conservative treatment. This has 
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seemed to definitely shorten the clinical 
course of the disease and to lessen the pa- 
tient’s discomfort. 

In more or less acute infections with 
dense antra, especially in children but also 
in adults, usually physicians who have ab- 
solutely refused antral washing, we have 
used small doses of roentgen rays after 
shrinkage of the nasal mucosa. In many of 
these the pathology has cleared up without 
the antra having to be opened. In a few 
of them it was necessary to open the antra 
before a good result was obtained. So many 
of these clear up rapidly with almost any 
treatment that it is extremely difficult to 
evaluate any method of therapy. 

The fear of antral puncture among the 
laity and some of the medical profession, 
and the statement that an antrum once 
washed must always be washed is, we be- 
lieve, due largely to the fact that so many 
patients are seen so late in the disease by 


Fic. 26. February 10, 1937. Sinuses appear clear. 
Following roentgen therapy her cough has stopped, 
the lung changes are fewer, and she has had no 
attacks of asthma since January I. 
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the rhinologist that the condition is al- 
ready chronic and that washing does not 
in many of these give more than temporary 
relief. We have seen a great many instances 
of too prolonged conservative treatment by 
sprays, packing, etc., where the antra were 
dense, full of pus and needed opening. This 
is particularly true in children. If these do 
not clear after a few washings, we believe 


roentgen therapy should be used. Almost 


without exception, children in this group, 
not definitely allergic and some of these, 
have been markedly benefited in a short 
time. Where the patient is not doing well 
on treatment by the rhinologist and radiol- 
ogist, an internist experienced in allergy 


_ 


Fic. 3a. Early Group 4. Case 11. August 24, 1935. 
Film shows frontals and ethmoids cloudy, right 
antrum dense except for tiny air space and marked 
thickening of the membrane. Sinus symptoms for 
years. Patient had to give up business on account 
of severe cough, shortness of breath and sinus 

symptoms. 


Infections of Nasal Accessory Sinuses 


Fic. 34. April 16, 1937. Films were unobtainable 
until this time. All the sinuses much clearer except 
for still rather marked thickening of membrane in 
the right antrum. Patient has worked every day 
since November 1, and is markedly clinically 
improved. 


should be consulted since this is a very im- 
portant factor in many instances. On the 
other hand, many cases that have not re- 
sponded to treatment for their allergic 
manifestations have responded to roentgen 
therapy. 

The second largest group where roentgen 
therapy has been very effective, is in pa- 
tients who have had a cough, recurrent 
colds, etc., for months or years and who 
may or may not have been treated by one 
or more rhinologists. The films show cloudy 
ethmoids with marked thickening of the 
mucoperiosteum and some air space. Wash- 
ing causes little or no change in the appear- 
ance of the antra. Many of these will show 
an increase in the bronchovascular shadows 
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Fic. 3¢. June 10, 1937. This patient who has had old 
chronic hyperplastic sinusitis for many years with 
numerous irrigations of the nose and antra and 
removal of polypoid material from the nose now 
considers himself 80 per cent relieved of symp- 
toms. 


at the lung bases, some definite infiltration, 
and in the more chronic ones, early bron- 
chiectasis. In this type of case Osmond, 
Manges and Rathbone have reported ex- 
cellent results from roentgen therapy. 

In this entire group, but especially in 
those without too long a history of trouble, 
the results from roentgen therapy have 
been so encouraging that we believe it 
should always be tried since in so many of 
these the rhinologist must use radical sur- 
gery for much benefit. If roentgen therapy 
does not clear up the pathology, surgery 
can still be done. 

Butler and Woolley did not find that 
surgery was more difficult in cases that 
had had roentgen therapy. This has also 
been our experience, but with a dose about 
half that advocated by them. 

In this group small doses of rays are also 
applied to the bases of the lungs. In our 
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experience this seems to give a much 
quicker result and is proved by earlier 
clinical improvement and earlier changes 
in the chest films. 

In a third group, that of atrophic sinu- 
sitis, we have not used roentgen therapy 
since we see no logical justification for its 
use in this condition. 

A fourth group is that of chronic hy- 
perplastic sinusitis with early polyp for- 
mation. Both young fibrous and young 
polypoid tissue are frequently rather radio- 
sensitive, and in this group the results, 
though not as good as in the first and sec- 
ond groups, have been encouraging. The 
results certainly justify roentgen therapy 
before considering radical. procedures. If 
this or a radical operation is done we be- 
lieve that many cases can be prevented 


Fic. 4a. Group 4. Case 1v. March 14, 1936. Film 
shows cloudy ethmoids and frontals, dense left 
antrum and thickened membrane in the right 
antrum, Severe cough and sinus infection for 
years. Antra had been washed many times. Bron- 
chovascular shadows are exaggerated. Forced to 
retire from business because of cough and dyspnea. 
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from progressing into Group 5. The fifth 
group is that of chronic hyperplastic 
sinusitis with extensive old polypoid 
changes where all the sinuses are abso- 
lutely dense. Some of these have been 
helped somewhat and a few have had 
marked relief, but the majority have re- 
ceived little if any benefit from the treat- 
ment. Larger doses of high voltage roent- 
gen rays with heavy filtration are indicated 
in this type. In the other groups treated, 
clinical improvement and a.clearing up of 
the pathology as demonstrated on the 
roentgenogram usually go hand in hand. In 
the long-standing polypoid cases, however, 
the patient may claim definite benefit with 
little or no change in the appearance of the 
films. Several patients in this group have 
had a return of the sense of smell after it 
had been absent for several years. 

Since almost every patient should be 
seen by both for diagnosis and follow up 
of the results of the treatment, a whole- 
hearted and sincere cooperation between 
the rhinologist and radiologist is absolutely 
essential if the best results are to be ob- 
tained. 

The radiologist’s increased interest in 
sinus disease will be of great help to those 
suffering from this condition, and will 
certainly cause hundreds of unsuspected in- 
fections to be referred to the rhinologist 
early enough for better results to be ob- 
tained. 

The radiologist who attempts to treat 
every sinus infection regardless of the 
type, or of what other treatment has been 
given without cooperating with the rhinolo- 
gist will surely bring this method into dis- 
repute, and cannot be warned against too 
strongly. 

The rhinologists and internists with 
whom we are associated are cooperating in 
every way to see that these infections re- 
ceive whatever treatment will give most 
relief. 

The following technique is usually used: 
130 kv. (peak), 6 mm. aluminium filter, 25 
cm. distance. About 100 to 300 r, measured 
in air, the dose dependent on the type of 


Infections of Nasal Accessory Sinuses 


Fic. 44. May 12, 1936. Film shows the sinuses prac- 
tically clear. Following roentgen therapy there 
was marked improvement in clinical symptoms 
and patient has been working since. 


case, is given in three to four treatments in 
from ten days to two weeks. The single 
large dose has been used in some but a 
few fairly severe reactions seem to favor 
the present technique. Small doses are al- 
ways used in children. 


SUMMARY 


1. Sinus disease is a far more common, 
complicated and serious condition than is 
realized by the general medical profession. 

2. Almost every common cold that does 
not clear up within a reasonable time is a 
sinus infection. Many are due to allergy. 

3. Preliminary sinus films on patients 
sent in for chest examinations disclose a 
great many unsuspected infections. 

4. This many times enables the patient 
to be referred earlier to the rhinologist 
with better results from treatment. 

5. Follow-up films to determine progress 
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are just as important here as in other con- 
ditions. 

6. In addition to the treatment by the 
rhinologist many cases can be markedly 
benefited by roentgen therapy. 

7. We believe there is a definite field for 
this method of therapy in carefully se- 
lected cases of sinus infections. 

8. A whole-hearted and sincere coopera- 
tion between the rhinologist and the radi- 
ologist is absolutely essential if the best 
results are to be obtained. 

g. If the radiologist attempts to treat 
every sinus infection, regardless of type 
and without cooperating with the rhinolo- 
gist, the method will certainly be brought 
into disrepute. This cannot be warned 
against too strongly. 
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ROENTGEN THERAPY IN ANGINA PECTORIS 
REPORT OF SIXTY-FIVE CASES 
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BROOKLYN, 


HE duration and course of angina 

pectoris are dependent upon the vari- 
ous etiological factors provocative of this 
symptom-complex. Its response to medical 
treatment leaves much to be desired. 
A form of therapy which will alleviate the 
recurrent severe attacks should be a wel- 
come addition to our therapeutic measures. 
The treatment of angina by means of the 
roentgen ray has been previously reported 
in the literature and we would like to add 
our experience in a series of 65 cases. 


HISTORICAL 


Since Heberden!® first described this 
symptom-complex and established it as a 
definite clinical entity, the therapeutic 
management has been entirely medical. 
In 1920, Jonnesco"™ first resected the left 
sympathetic chain with success. This case 
report initiated the surgical management 
of angina pectoris. Following Jonnesco’s 
contribution, varying types of sympathec- 
tomies have been described by Henry," 
Jonnesco and lonescu,'’'*!* Coffey and 
Brown’, Leriche,?° Leriche and Fontaine,! 
Fontaine,’ Daniélopolu,® and others. 

Swetlow,*’ in 1926, blocked the afferent 
sympathetic impulses as they pass through 


the posterior root ganglia, by means of 


paravertebral injection of an 80 per cent 
solution of alcohol. The purpose of these 
injections which are confined to the ganglia 
of the eighth cervical to the ninth dorsal 
segments is to produce an effect similar to 
the surgical severance of the sympathetic 
fibers. Subsequently, similar contributions 
to the alcohol injection method were made 
by White and White, Mandl,??8 and 


others. 


NEW YORK 


Roentgen therapy for angina pectoris 
was first recorded by Beeck and Hirsch* in 
1916. They reported 10 cases of luetic myo- 
carditis and aortitis with typical anginal 
symptoms which were considerably bene- 
fited by irradiation to the anterior and 
posterior aspects of the thorax. Morlet,”® 
in 1922, noted pronounced benefits from 
irradiation in § cases of aortitis with clini- 
cal manifestations of angina. Groedel and 
Lossen,? however, failed to note similar 
improvement. The largest series of cases 
was reported by Nemours-Auguste, Bar- 
rieu and Lian?.22.25.24,25,26,30,31,32 (7998 and 
1929). They treated 54 patients, 31 of 
whom, they state, were completely relieved 
of pain and 8 were improved. These pa- 
tients’ were exposed to relatively light 
roentgen therapy directed to the precordial 
and aortic regions anteriorly and to the 
cervical spine and upper dorsal segments 
posteriorly. Arrillaga’ treated 8 patients 
with high voltage therapy administered to 
the midthoracic region, through two an- 
terior and two posterior fields, and re- 
ported favorable results. 

In 1930, Sussman*® reported the results 
of roentgen therapy in 16 patients observed 
over a period of a year. None of these pa- 
tients had responded to medical treatment 
and most of them had been recommended 
for alcohol injections of the dorsal ganglia. 
Of the 16 cases, 4 failed to return for ob- 
servation and 1 died from a typical attack 
of coronary thrombosis six days after com- 
pletion of the treatment. Six patients were 
entirely relieved and 5 showed marked im- 
provement. High voltage therapy was em- 
ployed to a field over the seventh cervical 

‘and upper dorsal segments of the spine. 
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Of the 19 patients treated with roentgen 
rays by Samuel and Bowie,* 18 were re- 
ported decidedly benefited. 


THE PATHWAYS OF PAIN TRANSMISSION 


In order to obtain a clearer understand- 
ing of the basis for roentgen therapy in 
angina pectoris, a brief résumé of the gen- 
erally accepted concepts of the paths of 
transmission of cardiac pain is given. Pain 
impulses from the heart and aorta are 
carried by the sympathetic afferent nerves 
(Spiegel and Wasserman,** Singer and 
Spiegel,®’ Singer,** Jonescu) which enter 
the eighth cervical to the ninth dorsal seg- 
ments of the cord. They pass chiefly by 
the inferior and middle cardiac nerves 
through the left stellate ganglion, to the 
first four dorsal ganglia without entering 
the stellate ganglion and later pass to their 
respective cord segments (Jonnesco and 
Cannon‘). Occasionally some 
of these afferent nerves pass to the right, 
thus accounting for anginal pain referred 
to the right side. 


THEORIES OF THE ACTION OF THE RAYS 


Although the exact nature of the action 
of roentgen rays on the sympathetic nerves 
is unknown, it is generally recognized that 
the rays have an analgesic and sedative 
effect. Holmes" believed that the analgesic 
effect of the rays is due to a blocking of 
the pain sense in the sympathetic plexus, 
similar to the injection of alcohol into the 
stellate ganglion. Desjardins’ is of the 
opinion that nerve cells are acted upon in 
a specific manner and their irritability is 
diminished by irradiation. The relief of 
perianal pruritus and some forms of neural- 
gia led him to the conclusion that there 
must be a true specific action on nerve cells. 

Schugt® clinically observed a_ vaso- 
dilatation of the capillaries after erythema 
doses, which lasted for several weeks. 
Richter’s* work demonstrated that weak 
irradiation stimulates the dilatory fibers, 
whereas strong irradiation produces vaso- 
constriction. With unusually strong ir- 
radiation there is permanent dilatation. 
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From a clinical standpoint, paraverte- 
bral irradiation of the sympathetic ganglia 
and deep plexuses has given favorable re- 
sults. Excellent clinical response to irradi- 
tion of the lumbar sympathetic chain has 
been attained in such states as the trophic 
ulcers of Raynaud’s disease, intermittent 
claudication and the early cases of throm- 
bo-angiitis obliterans, presumably by the 
inhibition of vasoconstriction. 


ANALYSIS OF CASES 

Of 78 patients with typical symptoms 
of angina pectoris referred for roentgen 
therapy, 65 were suitable for study, the re- 
mainder being rejected because of insufh- 
cient treatment or follow-up. Fifty-seven 
patients were males; 8 females. Of the 65 
patients 10 (15.4 per cent) showed a 
marked improvement; Ig (29.2 per cent) 
were moderately improved; 15 (23.1 per 
cent) were only slightly benefited by the 
rays, and 21 (32.3 per cent) manifested no 
appreciable improvement. No _ patient 
showed increase or aggravation of the 
symptoms. Three deaths are recorded: 1 
from congestive heart failure one year 
after completion of a series of roentgen 
treatments, and 2 from typical symptoms 
of coronary occlusion, one and two years 
respectively, subsequent to therapy. 

Hence, 44 (67.7 per cent) of 65 patients 
with pronounced angina pectoris, referred 
by the cardiac outpatient department for 
roentgen therapy, received some benefit 
from treatment. All of the cases had re- 
ceived medical treatment varying from 
months to years. Patients with recent 
coronary occlusion, those with evident car- 
diac decompensation and syphilitics, were 
not included in the series (Table 1). 


TABLE I 


RADIOTHERAPEUTIC RESPONSE IN 65 CASES 
OF ANGINA PECTORIS 


Results No. of Patients 
Marked improvement 10 (15.4%) 
Moderate improvement 19 (29.2%) 


15 (23.1%) 
21 (32.3%) 


Slight improvement 
Unimproved 


; 

49 
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There was a decided reduction in the 
number of anginal attacks in the Ito pa- 
tients who showed marked improvement. 
Previous to therapy, they were unable to 
walk without experiencing precordial pain; 
subsequent to the roentgen treatments im- 
provement was so marked that no difh- 
culty was experienced in walking six to ten 
blocks. Some resumed their former occu- 
pations. 

The period of improvement varied con- 
siderably. Relief was usually obtained for 
a period of six to eight weeks, following 
which it was necessary to repeat the series. 
Improvement was usually evident about 
ten days after the completion of the series. 
Many of the cases were observed over a 
period of two to three years and the results 
were surprisingly constant. 


TECHNIQUE 

Reviewing the literature, one is im- 
pressed by the varying forms of roentgen 
technique employed in the management of 
these cases. There are some investigators 
who treated only the precordial region or 
the area or areas to which pain was re- 
ferred. Others who realized that the pain 
was carried along the sympathetic fibers 
treated the involved roots and ganglia; 
many treated both. High, low and medium 
voltages were employed, and both mild 
and intensive doses were tried. 

The technique employed in our series 
was one large portal over the lower two 
cervical and upper six dorsal segments in- 
cluding the paravertebral site. A series of 
treatments consisted of 150 r (measured 
in air) given every second day for four 
seances, employing the following factors: 
200 kv. (peak), 4 ma., 37.5 cm. focal skin 
distance, filtration 0.5 mm. copper and 
1 mm.”of aluminium. In refractory cases a 


TABLE II 


NUMBER OF ROENTGEN TREATMENTS 


Treatments 4-8 | 9-16 | 17-24] 25-36] 37-48 


Patients 28 1g 
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second series of treatments was given the 
following month. With a return of symp- 
toms, this was repeated. The number of 
treatments ranged from four to forty-eight, 
the average being sixteen (Table 1). 


SURGICAL TREATMENT VS. 
ROENTGEN THERAPY 

In the 129 cases, which included all 
types of sympathectomies collected by 
Hesse,'* complete disappearance of anginal 
attacks occurred in 60 per cent, improve- 
ment in 8 per cent and failure in 18 per 
cent. There was a mortality of 14 per cent. 
Postoperative sequelae were neuralgic 
pains in the jaw, ear, skull, neck and back, 
with anesthesias, hyperesthesias and mus- 
cular atrophies in Ig to 23 per cent of the 
cases (Fontaine*). Horner’s syndrome was 
practically constant in all cases. 

Swetlow,*’! who collected 41 cases of 
angina pectoris treated with paravertebral 
alcohol injections by himself, White and 
White, and Mandl, reports relief to some 
degree in all but 4 cases. Horner’s syn- 
drome, anesthesia and muscular twitching 
frequently developed. 

With radiotherapy there is neither mor- 
tality nor additional morbidity. Horner’s 
syndrome, hyperesthesia, anesthesia, or 
other sequelae do not occur. Though the 
effects may not be as prolonged as in 
surgery, additional treatments may be 
safely administered at four to six week 
intervals. If roentgen treatment fails, the 
more radical procedures are always avail- 


able. 
SUMMARY AND CONCLUSIONS 

Sixty-five patients with angina pectoris, 
not relieved by ordinary medical treat- 
ment, received two to twelve series of high 
voltage roentgen therapy to the cervico- 
dorsal and adjacent paravertebral region 
for relief of pain. Forty-four, or 67.7 per 
cent, were improved, as indicated by re- 
duction in the number, severity and dura- 
tion of their attacks. 

The sympathetic nervous system of the 
heart is discussed, and the literature refer- 
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able to the effect of roentgen radiation on 
the sympathetic fibers is reviewed. The 
inhibitory effect of the irradiation on the 
sympathetic fibers may not only block the 
pain impulses but also cause a temporary 
inhibition of vasomotor constriction with 
resultant vasodilatation, an effect similar 
to that observed in the paravertebral ir- 
radiation for Raynaud’s disease, inter- 
mittent claudication and kindred condi- 
tions with trophic and spastic circulatory 
manifestations. 

The surgical treatment of angina pectoris 
as well as the alcohol injection of the sym- 
pathetic nerves and ganglia is discussed 
and their relative values are compared with 
radiation therapy. The latter is a harmless 
procedure indicated in all severe cases 
which fail to respond to ordinary medical 
care. Patients suffering from gross ana- 
tomic cardiac changes, such as coronary 
thrombosis and congestive heart failure, 
are unfavorable subjects. The treatment 
is purely palliative but, in our hands, has 
given sufficient relief to warrant its adop- 
tion in suitable cases. 

We have the impression that it is often 
possible to prognosticate the type of case 
that will respond to roentgen therapy. Our 
experience has led us to the conclusion that 
the results are more favorable in angio- 
spastic cases than in those with advanced 
arteriosclerosis or coronary occlusion. 
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A DOSAGE CHART FOR INTERSTITIAL 
RADIUM ELEMENT NEEDLES* 


By LAWRENCE A. POMEROY, M.D., F.A.C.S. 


Director, Tumor Clinic, City Hospital 
CLEVELAND, OHIO 


ow dosage chart published by Martin, 
Quimby and Pack! in 1931 has proved 
most useful as a guide for the proper in- 
sertion of radon implants. The method of 
considering each tumor as a sphere or a 
combination of spheres has been of par- 
ticular help. I have had a large transparent 
print of this dosage table made, of a size 
suitable for the roentgen-ray viewing box 
in the operating room. With this large print 
in view the tumor can be measured and the 
required number of implants determined 
at a glance without the necessity of the 
operator turning to consult a small paper 
chart. 

More recently a chart has been pub- 
lished by Quimby? showing the number of 
milligram-hours necessary to deliver a cer- 
tain dosage to various volumes of tissue 
expressed in cubic centimeters. Our ex- 
perience with the earlier chart has been so 
satisfactory that the following chart has 
been constructed to show the amount of 
radium element in needles and the time 
required to deliver a certain dose to a 
tumor, considering the tumor as a sphere 
or a combination of spheres. 

The needles used have a wall thickness 
of o.§ mm. platinum and a content of ra- 
dium element of 1 mg., 2 mg., or 3 mg., 
each milligram occupying 16 mm. of needle 
length. Taking as an example a tumor 3.5 
cm. in diameter to which it is desired to 
give 10 S.E.D., 24 millicuries-destroyed, or 
3,168 mc- or mg-hr. will be required. To 
deliver 3,168 mg-hr., 19 mg. for seven days, 
16 mg. for eight days, 15 mg. for nine days, 
or 13 mg. for ten days will be required. This 
chart enables the operator to insert ap- 


proximately the number of milligrams re- 
quired and then to determine exact/y the 
length of time that the needles should be 
left in place to deliver the required dose. 

This chart was prepared by thus substi- 
tuting milligram-hours for millicuries-de- 
stroyed in the earlier chart. The difference 
in screening between 0.3 mm. gold and o.¢5 
mm. platinum was considered so slight as 
to be negligible. Two points should be 
borne in mind in using this chart: (1) The 
needles, or at least their radium-bearing 
portions, should be completely within the 
area considered as the sphere of certain 
size. (2) If the needles are concentrated 
toward the center of the sphere the chart is 
reasonably accurate, but if the needles are 
inserted at equal distances throughout the 
sphere the dosage should be increased 20 to 
25 per cent. 


SUMMARY 


A dosage chart has been prepared show- 
ing the number of milligrams of radium 
element in platinum needles and the time 
required to deliver a certain skin erythema 
dose to spheres of various sizes. 


I wish to thank Mrs. Edith H. Quimby and Dr. 
Otto Glasser for their advice in the preparation of 
this chart. 
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* Read at the Twenty-second Annual Meeting, American Radium Society, Atlantic City, N. J., June 7-8, 1937. 
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HEALING OF GASTRIC ULCER WITH PERSISTENCE OF 
NICHE ROENTGENOGRA PHICALLY*t 


By ARTHUR S. UNGER, M.D., and M. H. POPPEL, M.D. 


Gouverneur Hospital 
NEW YORK CITY 


ETROGRESSIVE changes in the size 

of the niche or its total disappearance 
have always served as important objective 
criteria for the determination of the thera- 
peutic effectiveness of medical treatment 
in gastrointestinal ulcerations. 


HISTORICAL 


Ever since the original observation of 
Reiche (1909), in which a protuberance of 
the lesser curvature of the stomach in the 
roentgenogram was shown on autopsy to 
correspond to the presence of a gastric ul- 
cer, and since Haudek (1913) further de- 
scribed and developed a technique for 
studying the niche on the lesser curvature, 
there has accumulated a large amount of 
reliable evidence to prove the unmistak- 
able value of these observations in the 
great majority of cases. 


ANATOMY 


In the stomach, the mucosa is packed 
closely with tubular glands. The muscu- 
laris mucosae is a well-defined coat firmly 
fixed to the bases of tubular glands of the 
mucosa, and in places continuous with 
slips of muscle which extend in between the 
tubular glands. The submucosa has a loose 
areolar character, permitting the free 
movement of the mucosa on the regular 
muscle coat. It is rich in a vascular net- 
work. The muscular coat is very thin in 
some regions and extremely thick in others. 
The serous coat is firmly attached to the 
muscular coat except at the lesser and 
greater curvatures as it is reflected from 
the anterior and posterior walls, thus form- 
ing the intraperitoneal gastric spaces. 
These usually contain fat. 


PATHOGENESIS 


The exact pathogenesis of gastric ulcer 
is still unknown. The circulatory theory of 
Virchow suggested the cause as an infarc- 
tion of a terminal blood vessel with con- 
sequent necrosis, the starting point for the 
digestive action of the gastric juice. Chronic 
ulcers, it was pointed out, occur only in 
that portion of the gastrointestinal tract 
which is exposed to the action of the hydro- 
chloric acid; viz., the stomach and the first 
2 inches of the duodenum. When the je- 
junum is exposed to the action of gastric 
juice following a gastroenterostomy for ul- 
cer, marginal peptic ulcer develops not in- 
frequently. However, such ulcer has never 
been observed when the operation is per- 
formed for gastric cancer. 

Konjetzny believed that ulcerative gas- 
tritis was the important factor in the path- 
ogenesis of the ulcer disease; that inflam- 
matory gastritis was the precursor as well 
as the accompanying anatomic factor, and 
that it explained the chronic course of the 
disease with its remissions and exacerba- 
tions. 

The neurogenic theory of von Bergmann 
was based on the clinical observation that 
many of the patients with ulcer exhibited 
disturbances of the vegetative nervous sys- 
tem. Eppinger and Hess suggested that 
vagatonia provoked spasms of the muscu- 
laris and of the muscularis mucosae, lead- 
ing to areas of ischemia, which favored the 
formation of erosions and ulcers. But ex- 
periments on severing the vagi and on ex- 
tirpating the sympathetic and celiac plexus 
gave contradictory results. 

The mechanical-functional theory ad- 
vanced by the Aschoff school was based on 


* From the Department of Radiology of Gouverneur Hospital, New York City. 
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+ Thanks are due to Miss Elvira Friedman for her technical assistance. 
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the existence of the gastric channel of Wal- 
deyer, “‘Magenstrasse,”’ occupying the less- 
er curvature which is the seat of most 
gastric ulcers. The contention was that 
food and gastric juices move along this path 
to reach the pylorus, thus exposing it to 
greater mechanical and chemical injury. 

Cole’s conception of the pathogenesis of 
ulcer is that it begins as an area of inflam- 
mation within the wall and, as this goes on 
to liquefaction necrosis, it breaks into the 
lumen and later extrudes the necrotic core, 
thus producing the ulcer. 


PATHOLOGY 


Any break in the mucosa or any abnor- 
mal pouching of it, allows the barium 
mixture to protrude beyond the normal 
contour of the organ. This protrusion is de- 
fined as a niche or a crater. The mucous 
membrane, broken by a crater, contracts 
and forms a thick lip around the crater; 
this may apparently sink or depress the 
crater. 

The niche thus formed by the loss of tis- 
sue from the gastric coats from within out 
is usually widest at the mucous membrane 
or base. It penetrates outward in varying 
degrees. Occasionally, the actual penetra- 
tion is very narrow, and after burrowing 
through all the gastric coats connects or 
ends in a blind wider space outside the 
stomach producing the penetrating ulcer 
with accessory pockets. When penetration 
through the muscle coat has occurred in a 
lesser curvature ulcer, Cole has shown that 
it is prevented from easily perforating the 
serous coat by the fat in the upper intra- 
peritoneal gastric space. The ulcer process 
may be further limited to this space by 
preceding adhesions as a result of the in- 
filtrating inflammatory processes around 
the ulcer. Penetrating ulcer gives a slight 
bud or spur-like projection from the pro- 
file of the stomach while the perforating 
ulcer gives the larger, rounded diverticu- 
loid shadow. The hollowing out may be su- 
perficial and wide, causing a smooth, shal- 
low filling defect producing the large non- 
penetrating or excavating type of ulcer. 
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The small non-penetrating acute ulcers 
may not easily be seen directly, but can be 
recognized by a jumping of the peristaltic 
wave, by tenderness at that area and by 
intolerance to barium. 


CHANGES PRODUCED IN THE GASTRIC 
MUCOSAL PATTERN BY ULCERS 


Superficial mucosal ulcers often heal 
without causing any serious damage to the 
rugae and are consequently not recogniz- 
able later. 

The mucosal folds are obliterated by 
deep ulcers and by the large areas of indu- 
ration surrounding them. As healing or fill- 
ing of the crater progresses, abnormal folds 
of the mucosa may be formed by bands of 
scar tissue as exemplified by: (1) the hour- 
glass contracture which points from the 
greater curvature toward the site of the 
healed ulcer on the lesser curvature and 
gives the roentgen picture of lacunar biloc- 
ulation and (2) stenosis of the pylorus. 
There may also be a stellate convergence 
of the rugae toward the original site of the 
ulcer. 


PATHOLOGIC AND ROENTGEN CORRELATION 


Group 1. Anatomic Healing with Exact 
Roentgen Correlation. This is the usual find- 
ing. The demonstration of a diminution in 
the size of the niche of the penetrating type 
has always served as a criterion of healing, 
and the actual disappearance as a complete 
cure. In this group the changes, roentgeno- 
graphically, correspond exactly to the ex- 
tent of the reparative process in the ulcer. 

Group 2. Little or no Anatomic Healing 
with Disappearance of Niche Roentgeno- 
graphically. The disappearance of a niche is 
not necessarily evidence that the ulcer has 
healed. The presence within the crater of 
clotted blood, mucus, food, or the relaxa- 
tion of spasm with a decrease in the swell- 
ing of the mucosal folds surrounding an 
ulcer may diminish or cause the disappear- 
ance of the niche with consequent error in 
diagnosis. Forssell, quoted by Cole, states 
that “in gastric ulcers, particularly in pre- 
pyloric ulcers, the ‘receptaculum ulceris’ is 
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Fics. 1 and 2. Penetrating ulcer (niche) at beginning of treatment (March 26, 1935). 


frequently so firmly closed that the barium circular and concentric contraction of the 
content does not show the real size of the fan-shaped muscle and the wadding of a 
crater.” This finding is due to the strong broken but not destroyed mucosa. 


Fics. 3 and 4. Persistence of niche, with clinical cure (April 30, 1935). 
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Group 3. Anatomic Healing with Persist- 
ence of Niche Roentgenographically. Ana- 
tomic healing may cause no change in the 
niche as illustrated by the following case. 


A white male, aged thirty-nine, was admitted 


on March 1g, 1935, to the Medical Service of 


Gouverneur Hospital, complaining of epigastric 
pain of fifteen months’ duration, aggravated by 
food, hematemesis, and tarry stools. Physical 
examination revealed extreme point tenderness 
in the epigastrium. Blood examination revealed 
a moderate secondary anemia. Gastric analy- 
sis showed an increase in the free and total 


acidity. Roentgenoscopic and roentgenographic - 


examination on March 26 showed a niche on 
the lesser curvature which was very tender to 


palpation (Figs. 1 and 2). The diagnosis of 
penetrating ulcer of the lesser curvature was 
made. 


The patient was treated expectantly by rest, 
Sippy diet and the daily subcutaneous injec- 
tion of an ampule of larastidine for twenty-one 
consecutive days. The patient improved gradu- 
ally; symptoms and signs disappeared until 
April 29 when he was pronounced cured clini- 
cally by the Medical Service. 

On April 30, roentgenoscopic and roentgeno- 
graphic re-examination showed no change in 
the size of the niche (Figs. 3 and 4) but a com- 
plete absence of the previous marked epigastric 
tenderness. 

The persistence of the niche could not be ex- 
plained in the face of a clinical cure and in 
the absence of tenderness. 

On May 7 the patient was transferred to the 
Surgical Service of Dr. Thomas H. Russell, 
where on May g he was operated upon and a 
healed ulcer was found on the lesser curvature 
at the site corresponding to the niche. No other 
pathology was demonstrated in the stomach 
and duodenum after careful search. The area 
was excised. Microscopically, it consisted 
fibrous tissue covered by newly formed mucous 
membrane. Macroscopically, it was smooth to 
the touch, healed and dimpled. 


DISCUSSION 


The ulcer had healed in such a way that 
the mucous membrane and tissues beneath 
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formed a dimpled defect on the lesser cur- 
vature which, when filled with barium, pre- 
sented the same roentgen silhouette as the 
original active ulcer. 

Usually the persistence of a niche roent- 
genographically is ample evidence of active 
ulcer. However if, when following a case of 
active lesser curvature ulcer roentgeno- 
graphically, we should get an apparent 
clinicalcure with persistence of the niche 
roentgenographically, an atypical pattern 
for the anatomic healing should be strongly 
suspected. If after a further period of per- 
haps six months of strict medical observa- 
tion with no recurrence of symptoms 
clinically, the niche still persists roentgeno- 
graphically, we should consider the ulcer 
as healed atypically. 


CONCLUSION 


A case illustrating an anatomical heal- 
ing of a lesser curvature ulcer with persist- 
ence of the niche roentgenographically has 
been described. 
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BOECK’S SARCOID 
REPORT OF A CASE AND BRIEF REVIEW OF THE LITERATURE* 


By F. J. EICHENLAUB 
Professor of Dermatology and Syphilology 
and 
I. LEWIS SANDLER 


Assistani Professor of Dermatology and Sy philology 
Georgetown Medical School 
WASHINGTON, D. C. 


8 ase purpose of this paper is to report a 
typical case of Boeck’s sarcoid (benign 
miliary lupoid) in order to emphasize the 
diagnostic features to the internist, roent- 
genologist and pathologist. Although it is 
true that the chief clinical evidences of the 
disease occur in the skin, other tissues such 
as the nasal mucous membrane, tonsils, 
lymph nodes, bone, spleen, kidneys, lungs, 
liver and central nervous system may be 
involved. 


REPORT OF CASE 


The patient, a colored female, married, aged 
thirty-seven, presented herself at the George- 
town Dispensary for the relief of a disfiguring 
facial condition. She had been receiving anti- 
luetic treatment for her present illness in spite 


Fig. 1. Sarcoid, showing configuration. Note nodules 
and telangiectases. 


of the absence of any serological or clinical evi- 
dence of syphilis. 

The past history is irrelevant. No history of 
tuberculosis in family. The present illness be- 
gan one year ago (in 1935) as a small papule 
on the bridge of the nose. This papule gradually 
increased in size to reach its present propor- 
tions. There was present an infiltrating, ele- 
vated, nodular, purplish plaque, extending over 
the bridge of the nose and involving both 
cheeks. The plaque was elastic, of a “butter- 
fly” configuration, with slight scaling and 
many peripheral telangiectases, atrophic, and 
occupied the entire thickness of the skin. Under 
diascopic pressure the nodules exhibited yel- 
lowish-brown points. 

Many hard, irregularly rounded, painless, 
movable subcutaneous nodules varying in size 
from a small pea to 3 cm. in diameter were 
present in each forearm and arm, occurring in 
chains along the blood vessels. The overlying 
skin was perfectly normal. A similar hard, sub- 
cutaneous nodule was present in each upper 
eyelid. There was a fusiform painless enlarge- 


Fic. 2. Photograph of hands showing fusiform en- 
largement of left ring finger and right index finger. 


* From the Department of Dermatology and Syphilology, Georgetown Medical School. 
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ment of the left ring finger and right index fin- 
ger (Fig. 2). The patient stated this enlarge- 
ment had been present for five years. 

The patient felt generally well and had not 
lost weight. 

The blood count and Wassermann reaction 
were negative. The tuberculin test (0.00003 
mg. and 0.005 mg. of tuberculin) was negative. 

The mucous membrane of the nose was 
atrophic, glossy and dry. The appearance was 
that of a thin, scaly, slightly wrinkled scar tis- 
sue. No hairs were present. No infiltrations or 
plaques were observed. 

The spleen could not be felt. The liver was 
definitely enlarged and on deep pressure the 
edge could be detected. 

The tonsils were enlarged. The lymph glands 
were enlarged, particularly the posterior cer- 
vicals and epitrochlears. 

Roentgen examinations of both hands 
showed numerous, small cystlike areas involv- 
ing the proximal phalanx of the index finger of 
the right hand and the proximal and middle 
phalanges of the ring finger of the left hand. 
There were areas of rarefaction in the proximal 
end of the first metatarsal of the left foot. Ex- 
amination of both elbows, including half of arm 
and forearm, showed no evidence of bone 
changes. The other long bones were normal. 

Roentgen examination of the chest showed 
extensive infiltration of both lungs beginning 
at the hilum and extending into the middle 
half of both lungs. There was also some en- 


Fic. 3. Roentgenogram of chest showing extensive 
infiltration of both lungs. 
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Fic. 4. Roentenogram of hands showing cyst-like 
areas of rarefaction. 


largement of the mediastinal lymph nodes. 
The parenchyma of the lungs was fairly clear. 
No cavitation was seen. The appearance is 
such as is seen in a central pneumonitis or hilar 
tuberculosis. 


DISCUSSION 


Boeck described 3 principal types: (1) 
the small nodular disseminated form; (2) 
the large nodular grouped form; (3) the 
diffuse infiltrating form. 

The nodules vary in number; may be 
firm or semi-elastic; round, oval or irregu- 
lar in shape; reddish or purplish in color. 
The lesions are most commonly found in 
the face, shoulders and extensor surface of 
the arms. 

Under diascopic pressure these nodules 
are composed of a grayish-yellow tissue 
which first suggested the name of “miliary 
lupoid.”’ 

The lesions may also be subcutaneous 
(Darier-Roussy), consisting of deep nod- 
ules which may be rounded or irregular, 
painless and vary from two to many. The 
overlying skin is usually normal in color. 

ETIOLOGY 

Kyrlet demonstrated tubercle bacilli in 
an early lesion. Boeck! considered the 
disease a constitutional one with marked 
cutaneous symptoms caused by a non- 
virulent variety of the tubercle bacillus. 
Kissmeyer and Nielsen* maintain that 
Boeck’s sarcoid is a chronic infectious gran- 
uloma caused by a hitherto unknown 
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Fic. 5. Low power photomicrograph showing groups 
of epithelioid cells, separated by connective tissue 
septa. 


virus and is a separate pathologic entity. 

Sulzberger® says ‘‘a sarcoid reaction 
must be considered simply as a character- 
istic histologic response in a certain type of 
immunologic tissue reaction. It so happens 
that this particular type of reaction is in 
most cases caused by tubercle bacilli.” 
Sarcoid reaction may be produced by 
syphilis and leprosy. 

The vast majority of cases have a lasting 
hyposensitivity or anergy® to tuberculin 
(lack of reaction to high concentrations of 
tuberculin). However Schaumann’ main- 
tains that a negative Mantoux reaction 
changes to positive as the cutaneous lesions 
heal and disappear. 


HISTOLOGY 


The typical picture of this miliary lu- 
poid is characterized by a sharply limited 
infiltrated area composed almost entirely 
of epithelioid cells in groups with only rudi- 


F. J. Eichenlaub and I. Lewis Sandler 


APRIL, 1938 


mentary lymphocytic walls and no casea- 
tion or necrosis. Each group of epithelioid 
cells is separated by a connective tissue 
septum. A few plasma cells and gaint cells 
may beeen. The elastic and collagen fibers 
are completely destroyed throughout the 
new growth. 

In the Darier-Roussy type, the histo- 
logical picture cannot be differentiated 
from that of erythema induratum. 

Some lesions in the same case may show 
a histologic picture resembling a tubercu- 
losis cutis. 

In many cases of clinical Boeck’s sarcoid 
the histologic picture is not typical. There 
is a sarcoidal form of leprosy’ which histo- 
logically resembles cutaneous sarcoid. 

Tissues other than the skin may be in- 
volved. 

Osseous Changes. Clevallier and Nielsen'” 
in their series of cases conclude that the 
manifestations in the bony system are typi- 


fy 


Fic. 6. High power photomicrograph showing details 
of epithelioid cells. 
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cal. The phalanges of both hands and feet 
show circumscribed areas of rarefaction, 
the central portion of which is more trans- 
parent than the margins, an osteitis multi- 
plex cystica. 

Greenbaum? states that the apparent 
cystic condition consists not of cystic 
changes but of granulomatous infiltration 
into the canals with destruction of portions 
of the medulla. The fingers may take on a 
spindle-shaped appearance as the process 
spreads into the subcutaneous structures. 
Schaumann’ states it is the marrow that 
forms the starting point of the alterations 
in the bones. 

Kissmeyer and Nielsen* believe the bone 
changes in leprosy are similar to those of 
sarcoid and different from those of tubercu- 
losis. They contend that there are more fea- 
tures of similarity between sarcoid and 
leprosy than between sarcoid and tubercu- 
losis. 

There is a typical fine miliary nodular 
sprinkling of the lungs in the roentgen- 
ogram with or without mediastinal glandu- 
lar enlargement. The pulmonary changes 
are less pathognomonic than the manifes- 
tations in the bony system but nevertheless 
present a fairly typical entity. 

Lomholt® described the mucous mem- 
brane lesions as follows: a studding with 
opaque white solid nodules, surrounded by 
a zone of hyperemia; small, yellowish-white 
plaques with hypertrophy and secondary 
ulceration. The histology is the same as 
that of skin lesions except for a more abun- 
‘dant lymphocytic infiltration. 

Schaumann recently discussed some in- 
teresting pertinent facts and reported the 
autopsy findings in 4 cases. He observed in 
one case the spontaneous disappearance of 
the cutaneous and marrow lesions as the 
patient developed a pulmonary tuberculo- 
sis. ““These lesions underwent a retrogres- 
sion analogous to that which the tubercu- 
lids and lupus vulgaris undergo during the 
development of pulmonary tuberculosis.” 

In his case all blood cultures were nega- 
tive for the presence of tubercle bacilli and 
guinea-pig inoculations were negative. 
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ic. 7. Photomicrograph of tissue from face showing 
giant cells, plasma cells and epithelioid cells. 


At autopsy microscopic examinations of 
the liver, spleen, and kidney capsule dis- 
closed compact infiltrations composed of 
typical epithelioid foci without necrosis. 
There were cellular infiltrations in the fatty 
marrow of the radius and humerus. The 
tonsils were involved in each case. 

Prognosis. The prognosis as regards life 
is good. The lesions may or may not disap- 
pear leaving atrophy and scar formation. 

Schaumann‘ believes that the most usual 
evolution of the disease is the appearance 
of pulmonary tuberculosis and the previous 
anergic benign disease of the lymphatic 
system yields place to tuberculosis and the 
skin reaction to tuberculin becomes positive 
with a replacement of the epithelioid nod- 
ules by a fibrous connective tissue. The 
characteristic bone alterations may disap- 
pear. 

In our case after six months (under 
treatment with Fowler’s solution) the sub- 
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cutaneous nodules diminished in size and 
the smaller lesions disappeared. The lesions 
on the face were but little modified. 

Treatment. Arsenic in the form of Fowl- 
er’s solution or arsphenamine may be of 
value; tuberculin has its adherents; gold 
sodium thiosulphate may be used, while 
roentgen and radium irradiation is some- 
times effective. Lomholt® has had good 
results with the injection of esters of chaul- 
moogra oil. 

Diagnosis. The diagnosis of Boeck’s sar- 
coid depends principally upon: (1) the clin- 
ical picture; (2) the histology—grouped 
epitheloid cells with absence of caseation; 
(3) the absence of bacilli; (4) the fine mili- 
ary nodular sprinkling in the lungs; (5) the 
bone changes: osteitis multiplex cystica; 
(6) anergic reaction to high concentrations 
of tuberculin. Sarcoid must be differenti- 
ated particularly from leukemia cutis, lep- 
rosy, nodular lupus erythematosus, syphilis 
and various forms of tuberculosis cutis. 


SUMMARY 


A typical case of Boeck’s sarcoid (benign 
miliary lupoid) is reported. 

The pertinent diagnostic features are re- 
viewed. 
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THE QUALITATIVE CHANGES IN THE FORMED 
ELEMENTS OF THE BLOOD FOLLOWING 


THERAPEUTIC 


By KARL KORNBLUM, M.D., 


PHILADELPHIA 


HE clinical application of roentgen and 
radium therapy is dependent upon the 
theory that abnormal cells are more suscep- 
tible to irradiation than are normal cells. 
Furthermore, radiosensitivity is increased 
with the cellular approach toward the em- 
bryonal state. On this basis malignant cells 
are found to be among the most sensitive of 
all abnormal cells. Clinical experience tends 
to verify the correctness of these theories. 
The variation in sensitivity and therefore 
the margin of safety that exists between the 
normal and abnormal cell is not very defi- 
nitely known. The question. often arises, 
therefore, as to what damage is being done 
the normal tissues which must of necessity 
be irradiated whenever radiation therapy 
is employed. We know for a certainty that 
the function of the gonads is often sacri- 
ficed when the patient’s clinical condition 
requires irradiation over the part of the 
body in which these structures are located. 
Furthermore, the radiologist is often ques- 
tioned as to the danger of producing hypo- 
thyroidism when the normal thyroid is in 
the path of irradiation. With such thoughts 
in mind, the radiotherapist as well as the 
clinician often wonders just what changes 
are occurring in the blood and the signifi- 
cance of such changes in patients receiving 
intensive irradiation. Certain ideas are 
more or less prevalent regarding the detri- 
mental effects of irradiation on normal 
blood. It is generally believed that irradia- 
tion produces an anemia and a significant 

leukopenia. 
In an investigation reported in 1936 and 
recently published,! it was shown that 
1 The effects of irradiation on the normal blood cells as deter- 


mined by the blood count, Am. J. RoentGenot. & Rab. THERA- 


py, February, 1938, 39, 235-260. 
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FRED BOERNER, V.M.D., and SAMUEL G. HENDERSON, M.D. 


» PENNSYLVANIA 


while some patients exhibit a decrease in 
the red cell count and hemoglobin content 
of the blood while under radiation therapy 
this is by no means a universal occurrence 
and cannot in all instances necessarily be 
attributed to the irradiation. It was further 
shown that therapeutic irradiation tends to 
lower the leukocyte count but that this also 
is by no means an invariable accompani- 
ment. After careful investigation of these 
facts, it was concluded that the quantita- 
tive effects of irradiation on normal blood 
are of little clinical significance. In discuss- 
ing this report Dr. Russell D. Haden of 
Cleveland suggested that while the quan- 
titative effects would appear to be insig- 
nificant it was yet to be shown that certain 
qualitative changes might not occur under 
irradiation that would be detrimental to 
the welfare of the patient. With this 
thought in mind, the present investigation 
was undertaken to determine the nature of 
any qualitative changes occurring in the 
formed elements of the blood as the result 
of therapeutic irradiation and the signifi- 
cance of such changes. 

The following qualitative chong in the 
blood were studied: polychromatophilia, 
basophilic stippling, poikilocytosis, aniso- 
cytosis, reticulocytosis, and changes in the 
size, hemoglobin content, hemoglobin con- 
centration, sedimentation rate, and fragility 
of the red blood cells. The van den Bergh 
reaction was studied. A search was made 
for immature and abnormal leukocytes and 
the nuclear index was determined. The 
effect upon the blood platelets was also 
investigated. In addition, the quantitative 
changes in the red and white cell count as 
previously reported were again studied. 


* From the Department of Radiology and the Laboratories of the Graduate Hospital of the University of Pennsylvania, Philadel- 
phia. Read at the Fifth International Congress of Radiology, Chicago, IIl., 
tained from the Julia M. Keim Research Fund. 
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PATHOLOGICAL CONDITION OF THE 48 PATIENTS 
TREATED DURING THIS INVESTIGATION 


No. of Cases 


Carcinoma 
Breast with metastases.................... 3 
Kidney (hypernephroma).................. 3 
I 

Sarcoma 
I 
Metastatic sarcoma to spine................ I 

Benign Tumors 
4 
I 
Giant cell tumor of tibia................ I 

Inflammatory Lesions 
Acute cervical adenitis.................... I 
I 

Miscellaneous 
Endometrial hyperplasia................... 2 
I 
Therapeutic abortion...................... I 
Essential hypertension..................... I 
I 


METHOD OF STUDY 


Forty-eight consecutive patients referred 
to the Department of Radiology for radia- 
tion therapy were utilized for the purpose 
of this investigation. No selection was 
made on the basis of the type of therapy to 
be administered, the amount of treatment 
to be given or the pathological condition 
to be treated, with the exception that no 
primary blood dyscrasias were included. 
Therapy consisted of superficial and deep 
roentgen therapy, which in some cases was 
combined with radium therapy. In the 
superficial therapy, the physical factors 


APRIL, 1938 


were 125 kv., 5 ma., filtration ranging 
from no filter to 6 mm. of glass, usually at 
30 cm. skin-target distance and varying 
sized portals. Deep therapy factors were 
200 kv., 20 ma., 50 cm. skin-target dis- 
tance, filtration of either 0.5 mm. Cu or 
2.0 mm. Cu plus 2 mm. Al. Deep therapy 
for the most part consisted of rather inten- 
sive fractional irradiation. Most of the pa- 
tients were treated daily, while some were 
treated at intervals of two to three days. 
The total amount of treatment given 
ranged from 400 to 12,450 r. Duration of 
treatment ranged from one to forty-nine 
days. A variety of pathological conditions 
was treated, most being malignant lesions 
occurring in various parts of the body 
(Table 1). In the series, there were 22 males 
and 26 females. The youngest was two 
years of age and the oldest seventy-nine. 

As regards the blood studies, a complete 
survey was made prior to the institution of 
therapy; this was repeated at the conclu- 
sion of the course of treatments and again 
four to eight weeks later, when it could be 
expected that the effect of irradiation 
would be dissipated. In 30 patients, three 
complete blood studies were made, while in 
18 there were only two, the third survey 
not being possible or advisable for various 
reasons. Two patients died during the fol- 
low-up period, some lived at such a distance 
that it was not practical for them to return, 
some did not return for unknown reasons 
and in a few the third study was purposely 
omitted. The failure to secure a follow-up 
study of the blood did not appear to be a 
serious handicap, since in no instance did 
significant changes occur during the follow- 
up period that were not present at the con- 
clusion of therapy. 

In compiling the results obtained in this 
investigation, a comparison was made of 
the data following irradiation with those 
prior to treatment and a notation made as 
to a decrease, increase or no change, re- 
gardless of how minor the change might be. 
Similar data were collected at the end of 
the follow-up period, comparison being 
made with the results at the conclusion of 
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TABLE II 


STATISTICAL RESULTS OF THIS INVESTIGATION 


Before Irradiation 


Qualitative Changes in Formed Elements of the Blood 


After Irradiation 


Follow-up Period 


No No 
Increased Decreased Increased Decreased 
Change Change 
Normal. 
Red cell count 22 26 15 15 
Below normal. . .23 
Reticulocytes Normal. ....... 48 23 25 22 8 
Volume index * 18 2 28 8 I 21 
Below normal... 6 
Normal 
Color index 26 2 2 II 
Below normal... 8 
Normal........36 
Saturation index 23 10 15 17 6 7 
Below normal. ..12 
Sedimentation Normal. .......29 
18 5 24 15 2 13 
rate Increased.......19 
Normal. .......30 
Leukocyte count | Leukocytosis....16 8 O° 40 16 fe) 14 
Leukopenia..... 2 
Normal. ....... 28 
Neutrophile 
Neutrophilia....16 13 35 13 17 
count 
Neutropenia.... 4 
Nogmal. 
Lymphocyte 
Lymphocytosis.. 1 9 fe) 39 21 O 9 
count 
Lymphopenia... 3 
index Normal........ 33 Normal...... 19 
Shift to left... ..15 Shift to left........ Shift to left........ 
21 
Platelet count Below normal. . .23 13 Oo 35 30 ° fe) 
Above normal... 4 


therapy. Careful scrutiny of the data was 
made for significant changes in the various 
factors under investigation and _ these 
changes were duly considered in arriving at 
the conclusions. The statistical results are 
shown in Table 11. 


RESULTS OF THE INVESTIGATION 


I. Effects of Irradiation on the Normal 
Erythroctes of the Blood. 


(a) Red Cell Count. The normal red blood 
cells and their tissues of origin are particu- 


larly resistant to the effects of therapeutic 
irradiation. As previously reported, a cer- 
tain number of patients under irradiation 
show a slight reduction in the number of 
red blood cells. This can often be attributed 
to the patient’s disease. Even though the 
patient has a definite anemia at the time of 
irradiation, such an anemia is not increased 
as the result of irradiation. 

In the present study, 26 patients showed 
a decrease in the red cell count at the con- 
clusion of therapy and 22 an increase. At 
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the end of the follow-up period, 15 counts 
had decreased and 15 increased. As in the 
previous investigation, this shows a slight 
tendency to a reduction in the total num- 
ber of erythrocytes during irradiation. In 
no instance was there more than a minor 
reduction, so that it may be stated that 
therapeutic irradiation has no significant 
effect on the number of red cells in the cir- 
culating blood. 

(6) Polychromatophilia. The normal red 
blood cell (mature erythrocyte) when ob- 
served in stained preparations (Wright’s 
or Wilson’s) presents a pinkish tint. In the 
maturation of the erythrocytes in the bone 
marrow, the youngest forms take a bluish 
stain (basic). As maturation advances, 
hemoglobin develops in the cytoplasm, 
causing the cell to stain pink (acid). If the 
cell does not fully mature, it may stain 
more or less blue (basophilic) or a mixture 
of blue and pink (polythromatophilic). 
Such cells are called basophilic or poly- 
chromatophilic erythrocytes and the ap- 
pearance of such cells in the circulating 
blood constitutes what is known as poly- 
chromatophilia. Ths condition is indicative 
of an acceleration of red cell formation as a 
direct result of some form of specific stimu- 
lus. Polychromatophilia was observed in a 
few patients both before and after treat- 
ment but appeared to have no relationship 
to the irradiation. 

(c) Punctate Basophilia (Basophilic Stip- 
pling). Stippling of the red cells is usually 
seen as the result of some form of toxemia 
and is commonly observed in toxic ane- 
mias. It is most characteristically encoun- 
tered in chronic lead poisoning. Such cells 
present numerous small granules which 
take the bluish basophilic stain. Basophilic 
stippling is believed to represent toxic im- 
maturity of the erythrocytes. Stippling of 
the red cells was not encountered in any of 
the patients of this series. 

(da) Poikilocytosis and Anisocytosis. Poi- 
kilocytosis denotes a distortion in the shape 
of the red cells and is indicative of some 
grave disturbance in blood formation as 
occurs in severe anemia, especially perni- 


cious anemia. Anisocytosis indicates an 
abnormal variation in the size of the red 
cells. They may be either too small (micro- 
cytes) or too large (macrocytes). This con- 
dition like poikilocytosis denotes a disturb- 
ance in formation of red cells. Anisocy tosis 
may be found in any type of anemia but 
occurs most markedly in pernicious ane- 
mia. 

Poikilocytosis and anisocytosis were ob- 
served in a few cases both before and after 
irradiation but apparently were unrelated 
to the irradiation. 

(e) Reticulocytosis. A reticulocyte is a 
normal red blood cell which by vital stain- 
ing presents a pale blue reticulum. These 
cells occur normally in the blood to the ex- 
tent of less than one per cent of the total 
red cell count. Reticulocytes represent a 
normal stage of maturation and are there- 
fore young erythrocytes. When the number 
of reticulocytes exceeds 1.5 per cent of the 
total red cell count, a reticulocytosis may 
be said to exist. This is the earliest sign of 
regeneration of red cells by the bone mar- 
row and is an indication of accelerated bone 
marrow activity. Reticulocytosis is char- 
acteristically observed in pernicious ane- 
mia at the onset of a remission and in 
familial hemolytic jaundice. An absence of 
these cells indicates depressed function of 
the bone marrow (aplasia). 

In this study, the reticulocyte counts 
were found to be normal before treatment 
was begun and were again found to be nor- 
mal at the conclusion of treatment, with 
the exception of 3 cases in which they were 
slightly more than 1.5 per cent. The varia- 
tions that occurred within the normal 
range revealed no tendency toward a stim- 
ulating or depressing effect on the bone 
marrow by the irradiation administered. 
There was no attempt in this investigation 
to “stimulate” the bone marrow by very 
small doses of radiation. 

(f) Changes in the Size of the Red Blood 
Cells. Normal red blood cells vary in size 
from 80 to 100 cubic microns. Clinically the 
size of the erythrocytes is obtained by de- 
termining the mean corpuscular volume or 
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volume index. This represents the relative 
volume of the individual red cells as com- 
pared with that of normal blood. The 
normal range of the volume index is 0.80 to 
1.00. In secondary anemias the volume in- 
dex is usually diminished, while in perni- 
cious anemia it is increased. 

In this series 6 cases showed a volume 
index below normal before treatment was 
begun. After treatment 28 patients showed 
a reduction in the volume index, as com- 
pared with that before treatment, while in 
18 instances the index increased and 2 
showed no change. During the follow-up 
period 21 showed a reduction as compared 
with the index at the conclusion of therapy, 
8 showed an increase and in 1 there was no 
change. The majority of these fluctuations 
were within the normal range. These fig- 
ures reveal a slight tendency toward a re- 
duction in the size of the red cells during 
irradiation in most cases. Since a larger 
percentage of cases showed a similar reduc- 
tion during the follow-up period, it would 
appear that this change in size was not re- 
lated to the irradiation. At any rate, the 
change in the volume index either during 
or after irradiation was not sufficient to be 
clinically significant since most of the vari- 
ations were within the normal range. 

(¢) Changes in the Hemoglobin Content of 
the Red Blood Cells. The amount of hemo- 
globin contained in the individual red cell 
is thought to remain fairly constant. This 
amount is determined by obtaining the 
mean corpuscular hemoglobin content or, 
as it is more commonly termed, the color 
index. This index represents the relative 
amount of hemoglobin per individual red 
blood cell as compared with that of normal 
blood. The normal range of the color index 
is 0.80 to 1.00. A color index above 1.00 is 
characteristic of pernicious anemia, while a 
low color index occurs in chlorosis and 
most cases of secondary anemia. 

Before treatment, 8 patients showed a 
color index below normal. After therapy, 
1g showed a reduction, 26 an increase, 
while 3 remained unchanged. During the 
follow-up period 11 showed a reduction, 17 
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an increase, while 2 were unchanged. There 
is a slight tendency toward an increase 
both at the end of therapy and at the con- 
clusion of the follow-up period. These 
changes were not marked in either direc- 
tion, and therefore evidently not significant. 
The tendency toward a reduction was ap- 
parently due to a slight drop in the red cell 
count without a commensurate change in 
the hemoglobin content and it would not 
appear to be related, therefore, to the radi- 
ation received. 

(h) Changes in the Hemoglobin Concen- 
tration of the Red Blood Cells. The concen- 
tration of the hemoglobin in the individual 
red cell differs from its hemoglobin content 
in denoting the degree of saturation of the 
cell by hemoglobin. When a cell is satu- 
rated with hemoglobin it contains all of 
this material that it is capable of holding 
regardless of the actual-amount that is 
present. The mean corpuscular hemoglobin 
concentration is determined clinically by 
obtaining the saturation index, which is a 
term used to indicate the relative amount 
of hemoglobin per unit volume of the red 
blood cell as compared with normal blood. 
The normal range of this index is 0.90 to 
1.10. This latter figure is practically never 
exceeded, since supersaturation of the red 
cell with hemoglobin probably never oc- 
curs. The saturation index is reduced below 
normal in chlorosis and often in severe, 
long-standing secondary anemia, especially 
those following chronic hemorrhage. 

Before treatments were given, I2 pa- 
tients had a saturation index below nor- 
mal. After irradiation 15 patients showed a 
reduction in the saturation index, 23 an in- 
crease and in 10 there was no change. At 
the end of the follow-up period 7 showed a 
reduction, 17 an increase and in 6 there was 
no change. This shows a slight tendency to- 
ward an increase in the hemoglobin con- 
centration. This is no doubt due to a slight 
reduction in size and number of the red 
cells without a commensurate reduction in 
the hemoglobin content. 

(1) Sedimentation Rate. For some time, it 
has been known that under the influence of 
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various diseases there is acceleration in the 
rate with which red corpuscles settle out of 
blood prepared so as not to clot. The sedi- 
mentation rate of the erythrocytes has 
been found helpful in indicating the sever- 
ity of a pathological process and in follow- 
ing the course of such a condition. Al- 
though there are still many phases of this 
subject which require clarification, the 
study of the sedimentation rate is of dis- 
tinct value in clinical practice. 

The test can be done either by determin- 
ing how quickly the blood cells settle to a 
given level in a standard tube or by meas- 
uring the distance that they fall in a given 
time. As usually performed in this country, 
the latter method is employed. It is neces- 
sary to correct for the cell concentration in 
cases of anemia, since it has been shown 
that apparent acceleration of the sedimen- 
tation rate takes place if the number of 
cells per unit of blood volume is decreased. 
If cell concentration is corrected to § mil- 
lion in count or $0 per cent by volume, the 
normal sedimentation rate, that is, the 
number of millimeters the blood will settle 
in a standard tube in one hour, is usually 3 
to § mm. and the upper limit of normal is 
10 mm. 

In these studies, the Westergren tube 
was used and the readings were made at 
the end of one hour. The erythrocyte con- 
centration in each case was corrected to a 
volume of 50 per cent packed cells before 
the test was conducted. In 1g patients the 
sedimentation rate was increased before 
irradiation was begun. Attempts to cor- 
relate this with clinical evidence of infec- 


tion, the temperature and the leukocyte 


count revealed no apparent relationship. 
The sedimentation rate did, however, 
rather accurately reflect the physical con- 
dition of the patient. Those patients whose 
general clinical condition was not satis- 
factory usually showed an increased sedi- 
mentation rate. 

After irradiation, 24 patients showed a 
decrease in the sedimentation rate, 18 an 
increase and in § instances the rate re- 
mained the same as before irradiation. 


These findings indicate that there was no 
definite trend in either direction. Here 
again one could correlate, in most cases, 
the patient’s clinical condition with the 
sedimentation rate. Those who responded 
well to irradiation had a lowering of the 
sedimentation rate provided that it was in- 
creased before treatment was begun. Those 
who did poorly while under irradiation usu- 
ally had an increase in the rate regardless 
of what it was prior to treatment. 

The same tendency was noted at the end 
of the follow-up period. The sedimentation 
rate again indicated the patient’s general 
physical condition. From these observa- 
tions, it was not thought that irradiation 
directly influenced the sedimentation rate. 

(7) The Isotonicity of the Erythrocytes. An 
anemia may be produced by an abnormal 
disintegration of the red blood cells result- 
ing in hemolysis. To recognize this form of 
anemia clinically one must determine the 
istonicity of the erythrocytes. This is done 
by means of the fragility test. According to 
this test, normal red cells in salt solution 
show no hemolysis until the concentration 
of the salt solution is reduced to about 0.44 
per cent while complete hemolysis occurs 
at 0.34 per cent. Increased fragility of the 
erythrocytes is characteristically found in 
hemolytic icterus. 

In conducting the fragility test, the 
method of Sanford was employed. With 
very few exceptions, all observations were 
within the normal range. If one takes cog- 
nizance of all minor changes, there was 
noted a slight tendency to a decreased fra- 
gility of the red cells after treatment, that 
is, the concentration of the salt solution re- 
quired to produce hemolysis was lower 
after a series of radiation treatments than 
before. A corresponding return to the pre- 
irradiation level did not occur at the end of 
the follow-up period, suggesting that this 
decreased fragility was somewhat persist- 
ent. However, these changes, for the most 
part, were of such a minor degree that one 
may justifiably conclude that irradiation is 
without significant effect on the isotonicity 


of the red blood cells. 


e 

eu 

rf 

Vis 

3 

hia 

+ 

2 


Vot. 39, No. 4 


(k) The van den Bergh Reaction. As the 
erythrocytes of the circulating blood nor- 
mally disintegrate, the hemoglobin that is 
liberated is transformed into bilirubin by 
the reticulo-endothelial cells of the bone 
marrow, spleen and liver. Bilirubin is the 
chief pigment of human bile. An excessive 
destruction of red cells will thus increase 
the amount of bilirubin in the blood, giving 
rise to a hyperbilirubinemia. This excessive 
bilirubin can be detected by the van den 
Bergh reaction. 

In order to determine whether irradia- 
tion produces an excessive hemolysis or dis- 
integration of the red cells, van den Bergh 
reactions were done in 31 of the patients of 
this investigation. Both the direct and in- 
direct methods were employed. The van 
den Bergh reaction depends upon the pro- 
duction of a characteristic color when 
Ehrlich’s diazo reagent is brought in con- 
tact with bilirubin. In normal blood serum, 
it is necessary to bring the bilirubin into 
solution in alcohol before a color reaction is 
obtained with the diazo reagent. In cer- 
tain cases of jaundice, however, the color 
reaction occurs directly without the inter- 
vention of the alcohol. This method of per- 
forming the van den Bergh reaction is 
known as the direct, while the one in which 
the alcoholic solution is used is the indirect 
method. The normal bilirubin in the blood 
differs from that occurring in the bile in 
that the latter gives a direct van den 
Bergh, while the former responds only to 
the indirect. This change in character of 
bilirubin is thought to occur in the liver 
cells which remove the bilirubin from the 
blood and excrete it in the bile. Thus, when 
a direct van den Bergh reaction is obtained 
it indicates that the bilirubin has passed 
through the liver and has been reabsorbed 
into the blood as occurs in obstructions of 
the biliary tract. An absence of a direct 
reaction but a response to the indirect re- 
action means that the bilirubin has not 
been altered by the liver. This is the type of 
reaction that occurs when there has been 
an excessive destruction of red blood cells 
and is characteristically seen in hemolytic 
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jaundice. The normal amount of bilirubin 
in the blood ranges up to 0.4 mg. per 100 cc. 
of blood, but is usually less than 0.2 mg. 

After irradiation 27 of the 31 patients 
showed less than 0.2 mg. of bilirubin per 
100 cc. of blood and 3 had 0.3 mg. All of 
these showed a negative direct reaction ex- 
cept one in whom the reaction was very 
faintly delayed. The remaining patient of 
the 31 in the series had a delayed direct re- 
action before treatment and a biphasic 
reaction after irradiation. This patient also 
had 0.9 mg. of bilirubin before therapy and 
1.6 mg. after treatment. This is distinctly 
abnormal but since the abnormality ex- 
isted prior to therapy it is evident that the 
irradiation was not responsible for the high 
bilirubin content of the serum. The ob- 
servations in this series of patients further 
suggest that irradiation does not produce 
hemolysis of the red blood cells. 

Résumé. Sumarizing the effects of thera- 
peutic irradiation on the red blood cells as 
observed in this investigation, it has been 
seen that a slight but insignificant reduc- 
tion in the number of erythrocytes occa- 
sionally occurred. Polychromatophilia, ba- 
sophilic stippling, poikilocytosis and aniso- 
cytosis were not observed as the result of 
irradiation. There were no _ significant 
changes encountered in the number of retic- 
ulocytes. No significant influence on the 
volume index, color index or saturation in- 
dex of the blood could be detected. The 
sedimentation rate reflected the physical 
condition of the patient but was unaffected 
by the radiation therapy. No hemolysis of 
the red cells could be detected by either the 
fragility test or the van den Bergh reaction. 


IT. The Effect of Irradiation on the Normal 
Leukocytes of the Blood. 


In addition to counting the number of 
the white corpuscles, stained smears were 
studied to determine the differential count 
and to detect the presence of immature, 
abnormal and degenerated leukocytes. 
Two hundred cells were counted and the 
results checked by two individuals. In the 
routine clinical study of the blood attention 
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is given to the white cell count and the dif- 
ferential count of the neutrophiles (includ- 
ing the metamyelocytes), the lymphocytes 
(which include the large, medium and 
small), the monocytes, the basophiles and 
the eosinophiles. Attention will therefore 
first be given to these studies. 

(a) The Total Leukocyte Count. The re- 
sults of this part of the study were essen- 
tially the same as previously reported. There 
was again noted, in most cases, a decided 
drop in the total leukocyte count during 
radiation therapy. This usually returned to 
the pre-irradiation level by the end of the 
follow-up period. 

Before irradiation, 30 patients had a nor- 
mal leukocyte count, 16 showed a leukocy- 
tosis and 2 a leukopenia. An obvious 
infection was present in most of the pa- 
tients with a leukocytosis. One of the 2 pa- 
tients with a leukopenia had received 
previous irradiation and was a probable 
case of metastatic malignancy to bone. At- 
tention has previously been called to the 
fact that this type of patient usually has a 
persistent leukopenia following radiation 
therapy. 

After irradiation, 40 patients showed a 
reduction in the total leukocyte count, 
while in 8 there was an increase. At the end 
of the follow-up period, of the 30 patients 
studied, 14 showed a reduction in the white 
cell count and 16 an increase, as compared 
with the count at the conclusion of therapy. 
It is thus seen that in the majority of the 
patients there was a reduction in the total 
leukocyte count as the result of irradiation. 
In a study of a larger series previously re- 
ported, it was found that on the average 
five weeks was required for the leukocyte 
count to return to its pre-irradiation level. 
The present observations were in conform- 
ity with the previous results. 

(6) The Differential Count. 

1. The Neutrophiles. As regards the 
number of neutrophiles, 35 cases after ir- 
radiation had a reduction and 13 an in- 
crease, while at the end of the follow-up 
period, 17 showed a reduction and 13 an 
increase. This is, in general, the same result 
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as was obtained in the previous investiga- 
tion. Thus it is again seen that radiation 
therapy tends to reduce the number of 
neutrophiles in the circulating blood. 

2. The Lymphocytes. Quite character- 
istically, the lymphocytes at the end of 
therapy showed a definite reduction in 
numbers in 39 cases, while in 9 there was 
an increase. At the follow-up examination, 
the lymphocytes were reduced in g patients 
and increased in 21. Of the various leuko- 
cytes, the lymphocytes are the most sus- 
ceptible to irradiation. These cells usually 
returned to their pre-irradiation level 
within six to eight weeks after the cessa- 
tion of therapy. 

3. The Monocytes, Eosinophiles and 
Basophiles. These cells are so few and vari- 
able in number that no reliable conclusion 
could be reached regarding the influence on 
them of irradiation. No outstanding devia- 
tion from the normal was detected in any 
instance. A more extensive study of these 
cells, previously reported, revealed the fact 
that they also show a tendency to a reduc- 
tion in numbers but apparently are less 
susceptible than the neutrophiles and the 
lymphocytes to radiation therapy. 

(c) Immature Leukocytes. 

1. The Granular Leukocytes. In the 
normal development of the granular leuko- 
cyte the earliest precursor to be recognized 
is the myeloblast. This then becomes a 
promyelocyte and then a myelocyte. There 
are three varieties of the myelocyte depend- 
ing on the staining reaction of the granules, 
the neutrophilic, eosinophilic and the baso- 
philic myelocyte. The basophilic myelocyte 
passes directly into a mature basophilic 
leukocyte. The eosinophilic myelocyte first 
becomes an eosinophilic metamyelocyte 
and then a mature eosinophilic leukocyte. 
The neutrophilic myelocyte becomes a 
neutrophilic metamyelocyte of which there 
are two varieties, the young and the rod 
nuclears. The final stage is the mature 
neutrophilic leukocyte. Of these various 
immature cells, none occur normally in 
the blood except the rod nuclears. 

Stained smears of the blood were care- 
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fully searched for immature granular 
leukocytes. No myeloblasts, promyelocytes 
or myelocytes were found either before or 
after irradiation. The significance of an in- 
crease or decrease in the metamyelocytes 
is best determined by a comparison of 
their number with the number of mature 
neutrophiles. Such changes are spoken of 
as a “‘shift to the left or right.” 

(a) “Shift to the left.” In cases with in- 
fection, immature neutrophiles appear in 
the blood. This shift of the neutrophiles 
toward immaturity is called the “shift to 
the left.” Attempts have been made, no- 
tably by Arneth, to utilize this fact in de- 
termining the degree of severity and prog- 
nosis of infections. The Arneth index has 
largely been replaced by the simpler and 
probably more accurate Schilling index, in 
which an increase in the percentage of im- 
mature forms of ‘leukocytes constitutes a 
“shift to the left.”” The greater the “‘shift 
to the left’”” the more severe is the infection, 
the less adequate is the response of the 
bone marrow and the graver the prognosis. 

The “‘shift to the left’ may also be indi- 
cated by determining the nuclear index. This 
is the same as the Schilling index, except 
that it is reversed so that a whole number 
is obtained instead of a fraction. Normally 
the blood contains one metamyelocyte for 
every fifteen mature neutrophiles. The 
total number of mature neutrophiles di- 
vided by the total number of immature 
cells gives the nuclear index which for the 
normal adult is 15 or over. An index of 10 
to 15 indicates a very slight “shift to the 
left,” 5 to 10 a moderate “‘shift’”’ and under 
5 a marked “shift to the left.’ The signifi- 
cance is the same as for the Schilling index. 

In this study 15 patients showed a “‘shift 
to the left” before treatment was begun, 19 
had a “shift to the left” after therapy, while 
in 12 of these there was a “‘shift”’ both be- 
fore and after irradiation. These results 
would indicate that irradiation had no in- 
fluence on the nuclear index. Of the 15 pa- 
tients having a “‘shift to the left’ before 
treatment, 9 had a neutrophilia, while of 
the 19 having a “‘shift to the left” after ir- 
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radiation only 4 showed a neutrophilia. It is 
thus seen that while irradiation causes a 
reduction in the number of neutrophiles, 
is does not influence the nuclear index of 
the same blood. In this connection, it is 
interesting to note that in 7 of the g pa- 
tients in whom a neutrophilia and a “shift 
to the left” were both present prior to treat- 
ment, the neutrophiles were reduced to nor- 
mal numbers by the irradiation but the 
“shift to the left’’ persisted. 

These studies indicate that irradiation 
does not cause immature granular leuko- 
cytes to appear in the circulating blood. 
While the definite reduction in the number 
of neutrophiles would tend to indicate a de- 
pression of bone marrow activity there is 
apparently no influence on the maturation 
of these cells. 

2. The Lymphocytes. The immature 
lymphocyte is known as a lymphoblast. It 
is a relatively large cell with abundant 
cytoplasm and a large nucleus. It does not 
occur normally in the circulating blood. 
The mature lymphocyte is smaller than 
the lymphoblast and may occur in three 
relative sizes, the large, medium and small. 
The smaller cell is the more mature variety 
and constitutes the largest number of 
lymphocytes in the normal adult. 

In this study only one patient, a child 
with an acute cervical lymphadenitis, 
showed a few lymphoblasts prior to treat- 
ment; none were present at the conclusion 
of therapy. In no other patient either be- 
fore or after irradiation did lymphoblasts 
appear in the circulating blood. As regards 
the mature lymphocytes, the fluctuations 
that occurred before and after irradiation 
in the relationship between the numbers of 
large, medium and small would not appear 
to be related to the irradiation. Although as 
previously shown there is a definite reduc- 
tion in the number of lymphocytes as the 
result of irradiation, this reduction is not 
accompanied by any apparent change in 
the maturity of these cells. 

3. The Monocytes. These cells are de- 
rived from the reticulo-endothelial system 
and first appear as hemohistioblasts. This 
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is quite a large cell, variable in size and it 
often presents an ameboid shape. It has a 
characteristic nucleus which is large, vesic- 
ular and formed of a reticulum with clear 
spaces, that give it the aspect of a sponge. 
The cell becomes a monoblast which is a 
large, somewhat lobated cell. Its nucleus 
also has a reticulum of the “sponge” type. 
These immature cells do not normally occur 
in the blood. Upon maturity, they enter 
the circulation as monocytes. In this in- 
vestigation, no hemohistioblasts or mono- 
blasts were found either before or after ir- 
radiation. 

4- Other Immature Cells. A variety of 
immature leukocytes other than those al- 
ready mentioned may occur in the blood. 
Examples of such leukocytes are plasma 
cells, Rieder’s cells and Tiirk’s cells. In 
none of the patients did plasma cells or 
Rieder’s cells occur either before or after 
irradiation or at the end of the follow-up 
period. An occasional Tirk cell was en- 
countered but they could not be related to 
the irradiation given. 

(d) Pathological Leukocytes. Quite aside 
from the immature leukocytes that may 
occur in the blood are certain cells that are 
regarded as pathological leukocytes. They 
are so regarded because they show some 
distinct variation from the normal cell. 
This variation may be due to an ab- 
normality in development or may be the 
result of some toxic injury to the cell. Such 
abnormalities are variously manifested. 
There may be alterations in the size or 
shape of the cell or nucleus; changes in the 
staining reactions of the cytoplasm, the 
granules or nucleus; or the abnormal pres- 
ence or absence of granules and vacuoles in 
various portions of the cell. Such patho- 
logical cells are commonly observed in the 
various forms of leukemia. They may, not 
infrequently, also be seen in infections. 
Among such pathological leukocytes that 
are specifically recognized are those with 
“toxic granules,” “nuclear degeneration” 
and basket cells. 

The term “toxic granules” refers to 
changes that occur in the neutrophiles. 


Such cells are recognized by the presence 
of granules that are larger than normal and 
that take a more basic stain. ‘““Nuclear de- 
generation” refers to a more advanced 
stage of cellular disintegration in which the 
nucleus shows abnormal staining reactions. 
“Toxic granules” and “nuclear degenera- 
tion” are thought to be due to the action of 
toxins. In this investigation, 5 patients 
showed cells with “toxic granules” and 2 
of these in addition had many cells with 
“nuclear degeneration.”” These 5 patients 
were among the more serious of those 
treated, all having malignant conditions 
of grave prognosis. The appearance of cells 
with “toxic granules” and “nuclear de- 
generation” could in no way be related to 
the radiation therapy. Apparently no 
toxins were produced by the irradiation 
administered capable of causing such cell- 
ular degenerations. 

Basket or smudged cells are at times in- 
dicative of cellular degeneration. Such cells 
may occur as the result of poor technique. 
In well-made preparations, however, a few 
basket cells are likely to be found even in 
normal individuals. When large numbers of 
these cells are encountered in blood films 
properly prepared, it must be regarded as 
evidence of abnormal cellular disintegra- 
tion. An occasional basket cell was found 
in most of the patients of this series, but 
these were not regarded as significant. In 5 
patients, basket cells were quite numerous. 
In 2 of these, they were present before and 
after irradiation, in 2 they occurred only 
after irradiation, while in 1 they appeared 
only at the follow-up observation. It would 
seem, therefore, that these basket cells 
were not the result of irradiation. 

Résumé. Summarizing the effect of ir- 
radiation on the leukocytes it is seen that 
there was a definite reduction in the total 
number of leukocytes, that while all vari- 
eties of the white cells shared in this reduc- 
tion the lymphocytes were chiefly affected, 
the neutrophiles less so, while the mono- 
cytes, eosinophiles and basophiles were the 
least affected. A search for immature leuko- 
cytes of the various types failed to show 
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any influence of irradiation on the number 
of such cells in the circulating blood. None 
of the more immature types of leukocytes 
were found, since such cells are usually seen 
only in the leukemias which were purposely 
excluded from this study. While irradiation 
apparently depressed the function of the 
tissues of origin of the various leukocytes, 
it did not alter the maturation of these 
cells. A study of the nuclear index failed to 
reveal any influence of therapeutic irradia- 
tion on this index. Neither was there any 
evidence found to indicate that irradiation 
increased the number of degenerated leuko- 
cytes in the circulation. 


III. The Effect of Irradiation on the Plate- 
lets of the Blood. 


Blood platelets or thrombocytes appear 
in stained blood preparations as small, 
round or oval bodies, measuring 2 to 3 
microns in diameter. They show a distinct 
tendency to collect in small clumps. 
Thrombocytes are really not cells but frag- 
ments of cell cytoplasm. They have their 
origin in the bone marrow from very large 
cells known as megakaryocytes. The num- 
ber of platelets in normal blood varies 
from about 200,000 to 400,000 per cubic 
millimeter of blood. As they are difficult to 
count, considerable variation in their num- 
ber will be found. For this reason, only 
marked variations from normal are clini- 
cally significant. 

The blood platelets are essential for the 
normal coagulation of the blood. Their 
deficiency is a common cause of patho- 
logical hemorrhage. They are found di- 
minished in thrombocytopenic purpura, in 
the hemorrhagic stage of leukemia, in 
aplastic anemia and in various toxemias 
involving the bone marrow. In some of 
these conditions, the platelet count may 
fall to below 10,000 per cubic millimeter of 
blood. The danger zone for bleeding is vari- 
ously stated as between 30,000 to 70,000. 
Counts are at times encountered below 
these figures without clinical manifesta- 
tions. An increase in number is to be seen 
in the early stage of myelogenous leukemia, 
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after splenectomy, in some acute infections 
and after hemorrhage. 

In this investigation, the platelets in 
each case were studied for changes in their 
size and staining reactions as well as their 
number. In no instance was any significant 
change noted in the size or staining reac- 
tion of these cell fragments. As regards the 
number of platelets before treatment, in 21 
patients they were present in normal num- 
bers, in 23 cases they were below, and in 4 
above normal. Most of these low counts 
were associated with a secondary anemia. 
After irradiation, 35 patients showed a de- 
crease and 13 an increase in the platelet 
count, while at the follow-up period all of 
the 30 patients studied showed an in- 
crease. 

It is seen that the effect of therapeutic 
irradiation is a definite reduction in the 
number of platelets in the circulating 
blood. These tend to return to their pre- 
irradiation level shortly after the cessation 
of therapy. No clinical manifestations oc- 
curred as the result of the reduction in the 
platelet count and no hemorrhagic tend- 
encies were observed since the platelet 
count never dropped below the critical 
level of 30,000. This effect on the platelets 
is quite similar to that observed on the 
leukocytes. An attempt to correlate the 
platelet count with the leukocyte count 
prior to irradiation showed no apparent re- 
lationship but after treatment approxi- 
mately half the patients showed both a 
reduction in platelets and leukocytes. 
While the effect of irradiation is the same 
on the leukocytes and the platelets, the 
reduction in the number of leukocytes is 
quite independent of the change in the 
platelet count. 

Résumé. As observed in this investiga- 
tion, the effect of therapeutic irradiation on 
the platelet count of the blood is to cause a 
definite reduction in the majority of pa- 
tients. The platelets increase in number 
after the cessation of therapy. There was 
no evidence that this reduction in the plate- 
let count was of particular clinical signi- 
ficance. 
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CONCLUSIONS 


The effect of therapeutic irradiation on 
blood not affected by a primary blood 
dyscrasia is in the nature of quantitative 
rather than qualitative changes. In this 
respect, the leukocytes and platelets show 
the greatest effect, manifested by a definite 
reduction in their number in the majority 
of patients. Of the various leukocytes, the 
greatest reduction in numbers is observed 
in the lymphocytes, then the neutrophiles, 
with the monocytes, eosinophiles and baso- 
philes being the least affected. The red cell 
count and hemoglobin content of the blood 
may be slightly reduced in some patients. 

It seems probable that the reduction in 
numbers of the cellular elements of the 
blood is due to a depressing effect of irra- 
diation upon the hematopoietic organs. No 
stimulating effects were observed. No evi- 
dence was found to indicate that the cells 
in the circulating blood were directly af- 
fected by the irradiation administered. No 
hemolysis of the red cells and no significant 
changes in their size or hemoglobin content 
could be detected. There was no evidence 
of an increase in cellular disintegration of 
either the red or white cells or platelets to 
account for the reduced number of these 
cellular elements in the blood. It would 
seem, therefore, that irradiation either 
directly or indirectly causes a slower pro- 
duction of cells by the hematopoietic or- 
gans. The cells produced, however, are 
normal and undergo a normal maturation 
as indicated by various studies conducted 
in this investigation. 

The depressing effect of irradiation upon 
the hematopoietic organs may not be as 
selective as it would appear from these 
studies. Although the leukocytes and plate- 
lets showed the greatest change, while the 
red cells and hemoglobin were but little 
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affected, the depressing influence might 
have been equal on all cells. This can be 
explained by the fact that both the leuko- 
cytes and platelets are very much more 
sensitive to stimulants and depressants 
than the red cells and hemoglobin. Further- 
more, they are subject to much greater 
physiological variations. This greater sensi- 
tivity to stimulants and depressants may 
account for the more marked changes that 
occurred in these cells as the result of ir- 
radiation. 

From these studies, we are led to the con- 
clusion that therapeutic roentgen and 
radium therapy causes a_ physiological 
hypofunction of the hematopoietic organs 
rather than a dysfunction due to cellular 
damage. 

From a practical point of view, the effect 
of irradiation on the red cells and hemo- 
globin content of the blood is of such a 
minor degree as to be of no clinical signi- 
ficance and may be entirely disregarded as 
far as therapeutic irradiation is concerned. 
Furthermore, anemia, regardless of its 
severity, need never be regarded as a con- 
traindication to radiation therapy. While 
the reduction in the total number of leuko- 
cytes and platelets is at times quite strik- 
ing, no evidence was obtained in these 
studies that this effect is detrimental to 
the welfare of the patient. We are inclined 
to believe that under ordinary therapeutic 
application of roentgen or radium therapy, 
it is seldom, if ever, necessary to withhold 
or discontinue therapy because of its effect 
on the leukocytes or platelets. It is empha- 
sized that these remarks do not apply to 
the blood dyscrasias nor to the supervolt- 
age therapy now coming into vogue. 

These investigations lend support to the 
theory that most of the normal tissues of 
the body are not sensitive to ordinary 
therapeutic irradiation. 
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DIFFERENCES IN THE RELATIVE ACTION OF 
NEUTRONS AND ROENTGEN RAYS ON 
CLOSELY RELATED TISSUES* 
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Eldridge Reeves Fohnson Foundation for Medical Physics, University of Pennsylvania 
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and 
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INTRODUCTION 


ARLIER studies have shown that the 

comparative effects of neutrons and 
roentgen rays are quantitatively different 
for various species of organisms.*!! Those 
results with widely diverse tissues are not 
only of significance to experimental radiol- 
ogy but also have certain implications of 
clinical interest. However, from the stand- 
point of both the clinical and the experi- 
mental radiologist, the value of compara- 
tive investigations of this type would be 
greatly enhanced by comparing the effects 
of the two radiations upon tissues whose 
biological relationship is closer. For this 
purpose experiments have been undertaken 
to determine whether or not neutrons and 
roentgen rays differ in their comparative 
action upon different tissues i# the same in- 
dividual organism, or in the same species of 
organism. 

Two biological objects were used: the 
Drosophila egg and the wheat seedling. The 
latter is particularly suited for the com- 
parison of radiation effects upon different 
tissues in the same individual. In each seed- 
ling there are, among others, two distinct 
embryonic tissues which give rise to the 
shoot and the primary root.t Neutrons and 
roentgen rays both retard the linear 
growth of both these organs, so that the 
effectiveness of each radiation upon each 
tissue can be measured in terms of the 
same biological response. Under these cir- 


+ For a more complete morphological description, one may con- 
sult Henshaw, Henshaw, and Francis.* 


cumstances the chance of finding a differ- 
ence in the comparative action of the two 
radiations would seem to be small. If any 
such difference, however slight, couid be 
demonstrated, it would seem likely that 
for closely related tissues in other organisms 
similar differences might be anticipated. 

In the developing Drosophila egg dif- 
ferent cells are present at different ages. 
Accordingly, eggs of three age groups 
were irradiated, and the effects were meas- 
ured in terms of the same criterion, the 
percentage inhibition of hatching. By such 
a procedure one could seek differences in 
the comparative action of the two radia- 
tions upon different tissues, not in the 
same individual organism but in the same 
species of organism. 

As in earlier work" both the egg and the 
seedling answered the requirements of 
small size and high radiosensitivity which 
were imposed by statistical considerations 
and the limited intensity of the neutron 
radiation. 

A limited number of experiments were 
also performed on mice to determine the 
lethal dose when the whole body was irra- 
diated. The use of short target-object dis- 
tances was made necessary by the limited 
intensity of the neutron radiation. It was 
evident that the distribution of neutron 
ionization within an object as large as a 
mouse was far from uniform. Since it was 
realized that this non-uniformity might in- 
fluence the lethal dose, different target- 
object distances were investigated. 


* Read at the Conference of Eastern Radiologists, Philadelphia, Jan. 28-29, 1938. The data included in this paper were submitted 
by Isadore Lampe in partial fulfillment of the requirements for the degree of Doctor of Philosophy in the University of Michigan. 
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PHYSICAL DATA 

Sources of the Radiations. The roentgen- 
ray beam was generated at 200 kv., Villard 
circuit (constant potential equivalent 175 
kv.). For the irradiation of the wheat seed- 
lings the filter consisted of 0.25 mm. of cop- 
per, I mm. of aluminium, and 0.5 mm. of 
cellophane and the intrinsic filter within 
the apparatus (0.2 mm. of copper equiva- 
lent). A target-object distance of 44 cm. 
was used; the intensity was 160 roentgens 
per minute. For the irradiation of the Dro- 
sophila eggs the filter was the same except 
that the copper was increased to 0.5 mm. 
The target-object distance was 50 cm. and 
the emission rate 50 r per minute. The dif- 
ferent intensities were used in order to con- 
trol the time-intensity factor for the 
various biological objects. 

The neutron beam was generated in the 
cyclotron of the Department of Physics of 
the University of Michigan by the bom- 
bardment of a pure beryllium target with 
from 2 to II microamperes of 6.5 million 
volt deuterons. Under the conditions of ir- 
radiation, the energies of the individual 
neutrons incident upon the biological ma- 
terial ranged from a fraction of a volt to 
about 10 million volts. Gamma rays were 
also emitted from the target; their contri- 
bution to the total ionization produced by 
the beam will be discussed later. 

Measurement of the Radiations. The x-rays 
were measured in roentgens with a Vic- 
toreen condenser-type r-meter calibrated 
by the manufacturer against a standard 
open air ionization chamber. The same in- 
strument was used to measure relative 
doses of neutrons, a convenient arbitrary 
unit being that quantity of neutrons which 
discharged the instrument to the same ex- 
tent as did 1 r of roentgen rays. We shall 
refer to this unit, which 1 in earlier papers 
has been termed a “roentgen’’, as simply a 
neutron unit or n-unit. 

Since the purpose of the experiments was 
to find whether the relative quantitative 
effects of neutrons and roentgen rays were 
the same or different for various cells and 
tissues, it is evident that no equivalence be- 
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tween the unit of neutron dosage, the n- 
unit, and that of roentgen-ray dosage, the 
roentgen, was required. There is, however, 
certain evidence which indicates that the 
two were approximately equivalent in 
terms of tissue ionization. This will be dis- 
cussed later. 

The Mechanism of Ionization. The ioniza- 
tion due to 200 kv. roentgen rays is pro- 
duced by secondary electrons. That 
produced by the beryllium radiation is 
much more complex. In Table 1 are listed 
the various radiations emitted. from beryl- 
lium bombarded with deuterons, the vari- 
ous primary reactions which these rays 
may have with the atoms contained in bio- 
logical materials, and the ionizing particles 
resulting from these primary reactions. The 
gamma rays produce Compton electrons as 
do the 200 kv. roentgen rays. The neutrons, 
on the other hand, have no primary reac- 
tions with the electrons of the atoms but 
may react in two ways with atomic nuclei. 
One of these is by capture; that is, the neu- 
tron is absorbed into the atomic nucleus. 
Since the neutron has unit mass and zero 
charge, the result is a new nucleus with a 
mass one unit higher than the original nu- 
cleus but with a charge exactly the same. 
This heavier nucleus may or may not be 
stable, depending upon the nature of the 
capturing nucleus. If it is not stable it dis- 
integrates with the ejection of an electron 
(artificial radioactivity). Here then is a 
mechanism by which neutrons, as well as 
the gamma rays, may produce electron 
ionization. 

The second way in which a neutron may 
react with a nucleus is by elastic collision. 
In such a collision part of the kinetic en- 
ergy of the neutron is transferred to the 
nucleus and the latter is ejected from the 
atom as a speedy, positively charged par- 
ticle (recoil nucleus). Like all charged par- 
ticles, this speedy nucleus produces a trail 
of ions along its trajectory. These ions, as 
far as we know, are qualitatively the same 
as those produced by electrons, but the 
tracks of the nuclei differ from those of 
electrons in one important respect; their 
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TABLE | 


COMPONENTS OF THE BERYLLIUM-DEUTERON RADIATION AND THE IONIZATION THEY PRODUCE 


Radiation 


neutrons 


Relative Action of Neutrons and Roentgen Rays 


Primary Reactions with Matter | 


Elastic collisions with atomic | 
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Ionizing Particles 
Produced in Soft 
Tissue 


Estimated Percentage 
of Total Ionization 
in Soft Tissue 


| Recoil nuclei, chiefly H >8c 
nuclei (protons), C, N,O 

With formation of a | Electrons Negligible 
“Fast” and “slow” radioactive nucleus 
neutrons Capture ———--— - 

With formation of a | None fe) 

stable nucleus | 
Gamma rays Compton Effect | Electrons S20 


specific ionization is greater; that is, the 
ions are much more closely spaced. 

The fraction of the total ionization due 
to the gamma rays is not known but vari- 
ous considerations indicate that it does not 
exceed 20 per cent. This leaves at least 80 
per cent of the total which must be ascribed 
to the neutrons. The relative portions due 
to recoil nuclei and artificial radioactivity 
depend upon the kinds of atoms present in 
the irradiated material. In a typical cell all 
but a fraction of 1 per cent of the atoms 
are hydrogen, carbon, nitrogen, and oxy- 
gen. These atoms form stable nuclei when 
a neutron is captured and are, on the whole, 
as efficient in capturing neutrons as the 
small minority which becomes radioactive. 
On the other hand, these four types of 
atoms, particularly hydrogen, give particu- 
larly high yields of recoil nuclei of high en- 
ergy. The result is that only a negligible 
fraction of the neutron ionization in tissue 
is attributable to artificial radioactivity 
and practically all is due to the recoil 
nuclei. 


BIOLOGICAL METHODS 


The Drosophila colony was derived by suc- 
cessive mass breedings from the mixed Oregon 
and Berkeley strain used by Zirkle, Aebersold, 
and Dempster.!! The fraction of non-irradiated 
eggs which hatched was consistently 97 per 
cent throughout the experiments. The eggs 
were collected on small disks of fermented 
banana agar which contained enough lamp- 


black to provide a convenient background for 
counting. 

Three types of eggs were studied. The first 
was collected over a one hour period and ir- 
radiated one hour after the end of collection;* 
the second was collected over a two hour period 
and irradiated three and a half hours afterward; 
the third was collected as was the second but 
was irradiated five hours afterward. The aver- 
age ages of the three types were therefore one 
and a half, four and a half, and six hours. 

The sensitivity of these eggs to ionizing ra- 
diations varies greatly with their physiological 
age, which in turn is dependent upon their 
chronological age and the temperature. The 
latter was controlled by making all collections 
at 22—24° C. and maintaining the eggs at this 
temperature throughout the experiment except 
for the actual irradiation period and the few 
minutes of pre-irradiation manipulation. The 
chronological age was controlled by using eggs 
which were deposited within a few minutes of 
fertilization. To obtain such eggs and to elimi- 
nate those which might be retained by the fly 
for an abnormally long time after fertilization, 
a preliminary laying period of at least one hour 
always preceded the collecting period. Any 
culture which failed to lay actively during this 


* Since the sensitivity of the Drosophila egg decreases sharply 
from two to three hours after fertilization, egg collections whose 
average age is one and a half hours contain relatively few indi- 
viduals whose age is near this critical value and consequently give 
more reproducible results than samples whose average age is two 
hours. These younger collections are more sensitive. The roent- 
gen-ray dose for 50 per cent hatching (see Fig. 3) is 150 r, 
whereas that necessary for collections of two hour average age 
from the same stock of flies is 180 (Zirkle, Aebersold, and 
Dempster"). A similar decrease in the so per cent dose was 
observed by Packard.’ 


i 
= 
| 
"4 
i 
¥ 
ay 
as 
+e, 
ry 
er 
age 
Th 


616 Raymond E. Zirkle and Isadore Lampe aia ial 


period was discarded for the day. As a further 
check upon the freshness of the eggs used, pre- 
liminary counts were made eighteen to twenty 
hours after collection. If in any given lot more 
than 2 or 3 per cent were hatched at that time, 
this was taken as an indication that a consider- 
able fraction was not suitably fresh, and the 
lot was therefore discarded. 

The preliminary counts also yielded the total 
number of eggs in each lot. Forty-eight hours 
after collection a final count of the unhatched 
eggs was made, and the number hatched was 
determined by subtracting this figure from the 
total. From these data the percentage hatch- 
ing was calculated, correction being made for 
the small fraction (3 per cent) which failed to 
hatch in non-irradiated samples. 

The wheat used was the variety ‘““Nabob” 
and was obtained from the Department of 
Farm Crops, Michigan State College. Twenty- 
one hours before irradiation the grains were 
submerged in boiled tap water, allowed to 
stand one hour and then spread, grooves down, 
upon filter paper saturated with tap water. 
They were then kept at 26° C. until irradiation. 
Only those individuals whose primary roots 
were from 2 to 4 mm. long were selected for 
the experiments. 

Each experiment involved 2 control lots and 
from 6 to 10 others which received various 
amounts of either roentgen rays or neutrons. 
Each lot consisted of 30 seedlings. After irradi- 
tion all lots were again planted, groove down, 
upon saturated filter paper in 8-inch petri 
dishes. Six rows of 6 seedlings each were planted 
in each dish, and each row belonged to a dif- 
ferent lot, so that all the lots were well dis- 
tributed throughout all the dishes. This made 
any uncontrolled environmental fluctuations 
the same for all lots. After planting, the dishes 
were wrapped in black paper and kept in a dark 
box at 26° C. until time for measurement. Culti- 
vation in the dark was essential because the 
linear growth of the shoot is influenced by 
fluctuations in the intensity of light. 

After the seedlings had developed for forty- 
eight, seventy-two or ninety-six hours at 26° C., 
they were placed in the icebox to stop further 
growth, and the lengths of the primary roots 
and the shoots were recorded as quickly as 
possible. 

All of the work with the seedlings was done 
within a space of four weeks, and the experi- 
ments with each type of radiation were well 


distributed over this period. Any influence of 
the age of the seeds upon the radiosensitivity 
of the seedlings was therefore controlled. 

The mice were young adults of the Swiss 
strain, weighing 18 to 1g grams. In order to in- 
vestigate different target-object distances, two 
distinct series were irradiated, one in compart- 
ment J, the other in B (Fig. 1). The exposures 
of both series were carried cut over the same 
period of time. Observation of the animals was 
continued until death occurred or at least one 
month had elapsed. 


ARRANGEMENTS FOR IRRADIATION 


For roentgen irradiation the Drosophila eggs 
were left as collected on the agar disks. Several 
of these were arranged in a circle upon a sheet 
of cellophane which was stretched upon a hoop 
and supported in the roentgen-ray beam with 
no scattering material beneath them. The 
back-scatter affecting the eggs was therefore 
only that produced by the agar which was 
about 2 mm. thick. The various disks were re- 
moved after different lengths of exposure, so 
that each experiment furnished data for a 
complete survival curve. 

The wheat seedlings were arranged in a single 
layer upon three thicknesses of water-saturated 
filter paper, and several lots of 30 individuals 
each were arranged in a circle on cellophane. 
The filter paper and the inert material of the 
seeds provided very nearly the same amount of 
scattering material as did the agar bearing the 
eggs. The scattering in both cases was of course 
negligible. The various lots of seedlings were 
removed after different lengths of exposure, so 
that here also each experiment provided data 
for a complete residual growth curve. 

The general arrangements for neutron ir- 
radiation of the various biological objects is 
shown in the schematic drawing (Fig. 1) and, 
except for minor differences, paralleled that of 
Lawrence, Aebersold, and Lawrence. In the 
Michigan cyclotron during the period of these 
experiments the target was recessed. In order 
to obtain sufficiently large intensities of ioni- 
zation, it was necessary to place the objects 
within the bombardment chamber, W, of the 
cyclotron. The chamber was cylindrical with 
its axis in the horizontal plane and open at the 
circumference of the vacuum tank of the cyclo- 
tron. Into this chamber was introduced a 
wooden block, O, containing two vertical cylin- 
drical compartments, 4 and B, each 2.5 cm. in 
diameter. Two channels, X and Y, just large 
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enough to receive’ a condenser arm of the 
r-meter were bored through the block; channel 
Y along the central axis and channel X along 
an eccentric axis. Channel X ended 4 cm. from 
the inner end of the block in a cavity, C, of 
such dimensions as to receive the chamber of 
a 25 rcondenser arm. The chamber, maintained 
in this position throughout the period of ir- 
radiation, functioned as an integrating dosim- 
eter. In order to calibrate the reading of the 
dosimeter at C in terms of the n-units delivered 
at the midpoints of compartments 4 and B, a 
cylindrical wooden plug, /, containing a cavity 
of suitable shape and size to receive the cham- 
ber of a 100 r condenser arm, was placed in 4 
and the calibration factor between 4 and C 
was determined. A similar procedure gave the 


calibration factor between B and C. The cali- 
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Kic. 1, Arrangement for irradiation with neutrons. 
For description see text. 


bration factors were redetermined prior to each 
experiment. The values obtained thoughout 
the period of the work did not vary more than 
3 per cent. 

When mice were irradiated the entire volume 
of either compartment 4 or B was occupied by 
a single animal. Only a fraction of the volume 
of either compartment was employed for the 
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irradiation of the Drosophila eggs and the 
wheat seedlings. This was achieved by the use 
of suitable hollow cylindrical inserts G and H. 

The seedlings were carefully placed in a cel- 
luloid tube, 1.5 cm. in diameter and 1.5 cm. 
long, which was lined with filter paper satu- 
rated with tap water. This tube was then slipped 
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Fic. 2. Distribution of ionization intensity through- 
out the bombardment chamber of the cyclotron. 
For discussion see text. 


into the wooden insert G. When the insert was 
placed in 4 (or B) the preparation occupied 
the central portion of this compartment. The 
seedlings were covered with saturated filter 
paper, loosely wadded so as to permit free ac- 
cess to oxygen but at the same time to prevent 
drying and effectively to surround the seed- 
lings with hydrogenous material of a thickness 
at least as great as the length of the longest 
ionization tracks. 

A similar geometrical arrangement was used 
with the Drosophila eggs. Cardboard shelves 
were supported in the notches of insert H, and 
pieces of agar bearing the eggs were placed on 
these shelves. The volume occupied by the 
whole preparation was similar in size and shape 
to that occupied by the seedlings. Proton equi- 
librium was obtained by spacing the shelves so 
that the eggs on one were practically in con- 
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tact with the cardboard bottom of the one 
above and by placing a sheet of moist filter 
paper over the eggs on the top shelf. 

The possible intervention of a time-intensity 
factor was controlled by adjusting the intensity 
of the roentgen rays so that they produced a 
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Fic. 3. The effect of graded doses of neutrons and 
roentgen rays upon Drosophila eggs, mean age one 
and a half hours. Curve N, neutrons; curve X, 
roentgen rays. Neutron doses in n-units (see text); 
x-ray doses in roentgens. 


given quantitative effect upon a given type of 
material in approximately the same time as 
did the neutrons. 

Figure 1 shows that from point to point in 
compartment 4 or B there must be consider- 
able variation in the radiation intensity. This 
is illustrated in detail in Figure 2, where the 
numbers indicate the relative ionization at 
various points as obtained by special explora- 
tion with the r-meter. In compartment 4 the 
ionization intensity decreases with distance 
from the target by a factor of about 3 com- 
pared to a factor of 2 for B. In the smaller vol- 
ume occupied by Drosophila eggs or wheat 
seedlings, the corresponding factor of variation 
is 1.9 in 4 and 1.5 in B. When eggs and seed- 
lings were irradiated in both 4 and B, the num- 
ber of n-units necessary to produce the same 
degree of effect was found to be the same. The 
effect of the variations in 4 as compared to B 
on the lethal dose of the mouse is included in 
the data appearing in the appropriate section. 


RESULTS 


Drosophila Eggs. The general nature of 
the comparative results obtained with the 
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two radiations is well illustrated by the 
data presented in Figure 3 for one and a 
half hour Drosophila eggs. 

The amounts of radiation are plotted as 
abscissae, the x-rays being expressed in 
roentgens, and the neutrons in the arbi- 
trary units already described. The ordi- 
nates are the percentages of survivors, 
compared to non-irradiated control sam- 
ples. The various points represent single 
lots numbering 350 eggs on the average. 
Since only a few lots were exposed on any 
one day, the scatter of the points includes 
the day-to-day as well as the lot-to-lot 
variation. The curves shown in this figure, 
as well as those presented in subsequent 
figures, were fitted as follows: A number of 
smooth curves were drawn, each of which 
fitted the points by visual inspection. For 
each curve the squares of the deviations of 
the experimental points were calculated, 
and that curve for which the sum of the 
squares was least was selected as the best 
fit. 

It may be seen from these curves that 
the roentgen-ray dose required to reduce 


TABLE II 


x /N DOSAGE RATIOS FOR DROSOPHILA EGGS, 
MEAN AGE I} HOURS 


Hatching | Neutrons | Roentgen | 
Per Cent} n-Units Rays r | X/N Ratio 
80 54 120 | 2.3 
7° 63 13300 2.1 
60 71 143 2.0 
50 79 150 | 1.g 
40 87 162 1.9 
30 98 180 1.8 
20 210 1.8 

| Mean 2.0 


hatching to 50 per cent is 150 r. The 
amount of neutrons necessary to produce 
the same degree of injury is 79 n-units. The 
relative action of the two radiations may 
now be conveniently summarized by the 
ratio of these doses: 150/79 or 1.9. Dosage 
ratios of this sort will be encountered in the 
description of the other results and will be 
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referred to as X/N (roentgen-ray-neu- 
tron) ratios. 

The X/N ratio for the one and a half 
hour eggs varies somewhat with the sever- 
ity of injury. This is illustrated in Table 
11. The second and third columns list the 
respective doses of neutrons and roentgen 
rays required to reduce hatching to the 
percentages shown in the first column. The 
X/WN ratios derived from these doses are 
shown in the fourth column and vary from 
1.8 to 2.2 with a mean slightly less than 
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Fic. 4. The effect of graded doses of neutrons and 
roentgen rays upon Drosophila eggs, mean age 
four and a half hours. Curve N, neutrons; curve 
X, roentgen rays. Neutron doses in n-units (see 
text); x-ray doses in roentgens. 


The average X/N ratio for four and a 
half hour eggs is derived from the data 
plotted in Figure 4. The doses of neutrons 
and roentgen rays necessary to produce 
various degrees of injury are listed in the 
second and third columns of Table m1 
and the corresponding X/WN ratios in the 


last column. These ratios vary from 3.0 

* The mean X/N ratios may also be derived from the areas 
under the respective curves. For example, the area under the 
roentgen-ray curve in Figure 3 (1 }-hour eggs) was 76.3 cm.?in the 
original figure while that under the neutron curve was 39.1 cm.? 
(the curves were closed at the points of 20 per cent hatching). 
The X/N ratio is 76.3/39.1 or slightly less than 2.0, which is the 
same as that derived in Table 1. Such a ratio represents a com- 
parison of the integraced biological effects of the two radiations, 
or, in other words, of average X/N ratios based on an infinite 
number of points along the respective curves. For four and a half 
and six hour eggs the X/N ratios based on areas are 3.1 and 2.7 
respectively, which compare favorably with the average values 
of 3.2 and 2.8 given in Tables 1 and tv. 
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TaBLe III 


x /N DOSAGE RATIOS FOR DROSOPHILA EGGS, 
MEAN AGE 43 HOURS 


Hatching} Neutrons Roentgen XN Rat} 
PerCent; n-Units | Raysr 
80 180 625 | 3.5 
70 200 665 2.3 
60 220 700 ce! 
so | 240 745 
40 260 795 2.0 
3C 280 850 3.0 
20 300 9490 
Mean 3.2 
ao. 
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Fic. 5. The effect of graded doses of neutrons and 
roentgen rays upon Drosophila eggs, mean age six 
hours. Curve JN, neutrons; curve X, roentgen rays. 
Neutron doses in n-units (see text); x-ray doses in 
roentgens. 


to 3.5 with a mean of 3.2. This is signifi- 
cantly different from the corresponding 
value of 2.0 which was obtained for one 
and a half hour eggs. 


TaBLe IV 


x/N DOSAGE RATIOS FOR DROSOPHILA EGGS, 
MEAN AGE 6 HOURS 


Hatching| Neutrons 


Roentgen 
Per Cent| n-Units X/N Ratio 

80 200 690 3-5 
70 230 730 3.2 
60 260 760 2.9 
50 290 785 2.49 
40 320 Be) 
30 355 850 
20 400 goo 2.3 

| Mean 2.8 
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For six hour eggs the survival curves are 
shown in Figure 5, and the relevant data 
derived from them are listed in Table tv. 
The X/N ratios range from 2.3 to 3.5 


with a mean of 2.8. This value is so close 


older eggs have undergone gastrulation, it 
is evident that in Drosophila the relative 
quantitative effects of the two radiations 
vary with the kinds of tissues present at 
the time of exposure. 


Fic. 6. The effects of graded doses of neutrons and roentgen rays upon the linear 
growth of the root and the shoot of the wheat seedling. Ordinates, percentage of 
normal linear growth. Abscissae, n-units (see text) for neutron curves, roentgens 
for x-ray curves. Each point based on 30 seedlings. 


to that of 3.2 for four and a half hour eggs 
that the difference is probably not signifi- 
cant. There is, however, a marked differ- 
ence between either of these X/N ratios 
and the value of 2.0 obtained for one and 
a half hour eggs. Since the one and a half 
hour eggs are in the blastula stage and the 


Wheat Seedlings. In the preliminary 
stages of the work on the wheat seedling, 
certain results suggested that the quanti- 
tative relations were influenced to some 
extent by the length of the interval be- 
tween irradiation and measurement. Three 
intervals were therefore investigated, 
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namely, forty-eight, seventy-two and nine- 
ty-six hours. The corresponding data are 
plotted separately in Figure 6, and the 
X/N dosage ratios are summarized in 
Table v. 

TaBLe V 


X/N RATIOS FOR WHEAT SEEDLINGS 


X/N Ratios 


Per 
Cent 48 Hours 72 Hours 96 Hours 
Growth 
Root | Shoot! Root | Shoot Root | Shoot 
go 10.4 | 9.0 | 11.8 8.6 8.3 8 .c 
80 | 10.9 7:7 | 10.0 7.8 8.5 7.8 
70 | 10.0 6.9 8.3 
60 | 7.2 6.3 7.9 6.9 8.3 
so | 6.2] 76) 6.1 8.7 
40 8.7 
The X/N dosage ratios were calculated 


in the same way as were those for Droso- 
phila eggs. For example, in order to reduce 
growth to 70 per cent in roots measured 
forty-eight hours after irradiation, 470 r 
of roentgen rays were required while the 
number of n-units which produced the 
same eftect was 47. The X/N ratio was ac- 
cordingly 470/47 or 10.0 and this value 
will be found in its appropriate place in 
Table v. 

Comparison of the various X/N ratios 
in Table v brings out two points. First, 
for both roots and shoots measured forty- 
eight or seventy-two hours after iradia- 
tion the ratios are markedly different for 
various degrees of injury, while for those 
measured later (ninety-six hours) the ra- 
tios are practically constant for each par- 
ticular organ. Second, in spite of the vari- 
ations just noted, every X/N ratio for the 
root is found to be consistently higher than 
the corresponding value for the shoot. 
This is most important for the main pur- 
pose of the experiments for it shows that 
the comparative effects of the two radia- 
tions are quantitatively different for the 
two organs. 

Mice. In Table vi the results of neutron 
irradiation of mice in compartments 4 
and B are tabulated. Groups of 10 mice 
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TABLE VI 


RESULTS OF NEUTRON IRRADIATION OF MICE 


Dosage Average 
Number | Number |Per Cent 
“xpose IS 1 
Exposed! Dead Survivors 
Compartment A 
180-189 | 185 10 | 3 70 
190-199 | 193 Ir | 6 45 
200-209 204 10 7 30 
210-219 215 fe 7 30 
220-229 225 10 | 9 10 
| 
230-239 235 I 9 10 
240-249 244 10 
250-259 255 I 10 
Compartment B 
18C-189g 186 10 fe) 
I1gO-199 193 IO IO | 
200-209 206 IC 10 | fe) 


received doses within a range of Io n-units. 
These ranges are shown in the first column 
and the corresponding average dose for 
each group in the second column. The 
other columns are self-explanatory. 

It is evident that a marked difference 
exists in the lethal effect of the neutron 
radiation when different target-object dis- 
tances are employed. For example, in 4 a 
dose of 180-189 n killed only 3 out of Io 
mice while the same dose in B killed all ro. 
Considering the dosage range of 180 to 
21g n-units, it is found that, of the mice ir- 
radiated in 4, 23 died and 18 survived, 
whereas in B 40 died and none survived. 
Statistical treatment of these data yields a 
value of 22.5 for x. Since, when x? has the 
much lower value of 6.635 there is only 1 
chance in 100 that the difference in the 
data is due merely to sampling variation,! 
it is practically certain that the difference 
in results obtained with the two compart- 
ments is real. This fact forced us to con- 
clude that the mouse is an unsuitable ob- 
ject for the purpose of an investigation such 
as this. 

It has already been pointed out (Ar- 
rangements for Irradiation) that the dis- 
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tribution of ionization throughout a mouse 
in compartment 4 was much less uniform 
than in one exposed in B. This factor is 
sufficient to explain the observed dis- 
crepancy in the lethal doses.* Therefore it 
would seem that the determination of a 
lethal dose of neutron radiation for an or- 
ganism as large as the mouse must be de- 
ferred until increased intensity of neutron 
sources makes possible the use of target- 
object distances which are large compared 
to the dimensions of the mouse. 


DISCUSSION 


Clinical Implications. Any radiation, in 
order to be a successful therapeutic agent, 
must have a favorable selective action on 
tumor tissue relative to normal tissue. Ex- 
pressed algebraically this requirement is 
that 

D 

7 >I 
where D is the dose necessary to cause ir- 
reparable injury to the normal tissue and 
d is the dose necessary to destroy the tu- 
mor. If D/d=1 or D/d <1, the radiation 
will clearly fail because the dose necessary 
to destroy the tumor will also destroy the 
normal tissue. 

If the therapeutic radiation is roentgen 
rays, the condition for successful treat- 
ment may be written 


dD, 
d, 
Likewise if neutrons are to be thera- 


peutically successful, the necessary con- 
dition is 


>I. 


D, 
dn 


However, if neutrons are to contribute 
anything new to radiotherapy, their se- 


>I. 


* Since the neutron intensity in 4 was 3.3 times that in B, 
there is a possibility that a time-intensity factor may be re- 
sponsible for the discrepancy in lethal dose. However, this seems 
extremely unlikely, for two reasons. First, the ratio of the two 
intensities is small. Second, the common experience with mam- 
malian tissue im vivo is that a decrease in intensity produces, if 
anything, a decrease in effect, whereas the discrepancy observed 
here is in the opposite direction. 
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lective action must be not only as good as 
that of roentgen rays but better, that is, 


le 


The clinical problem is to determine 
whether or not this condition actually ex- 
ists for tumors in general or for any partic- 
ular types of tumors. 

The most direct experimental approach 
to this problem would be the irradiation of 
neoplasms in animals. This procedure, how- 
ever, cannot at present be employed with 
neutron irradiation because a restricted 
beam is not feasible with the neutron in- 
tensities now available. Although a small 
animal such as a mouse could be placed 
close enough to the cyclotron target to ob- 
tain adequate dosage, any attempt to de- 
stroy a tumor growing in a mouse would 
fail. Since the whole body would be irradi- 
ated and since the lethal dose for the whole 
mouse is much smaller than that of the 
tumor, the animal would perish before any 
effect on the tumor could be discerned. 

At present, therefore, any approach to 
the problem must be indirect. From a 
broad biological viewpoint the malignant 
neoplasm and the neighboring normal cells 
represent closely related tissues occurring 
in the same individual organism and the 
basic biological problem devolves to a con- 
sideration of the comparative action of 
neutrons and roentgen rays upon two such 
tissues. In the present investigation this 
has been done with two distinct species of 
organism, the Drosophila egg and the 
wheat seedling. 

The results of the experiments with eggs 
and seedlings have been expressed in terms 
of the X/N dosage ratios. It is now neces- 
sary to translate these ratios into the form 
used above to express selective action. Let 
us express the X/WN ratio of the wheat root 


>1.* 


* There is also the possibility of a situation where 


Dn D, 

—>1>—: 

dn 
This would correspond to a type of tumor which cannot be 
treated successfully with roentgen rays but might be with 


neutrons. 
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as D,’/D,’ where D,.’ is the roentgen-ray 
dose necessary to produce a given quanti- 


tative effect and D,’ is the number of 


n-units which causes an equal injury. The 
corresponding dosage ratio for the shoot 
may be written d! /d,. 

These experiments have shown that 


4, 
From this it follows that: 
dn 


Here the two unequal ratios are algebraic 
expressions of the selective actions of roent- 
gen rays and neutrons respectively upon 
the two tissues, root and shoot, and are 
analogous to the ratios D,/d, and D,./d, 
used above in relation to tumor and normal 
tissue. The fact that they are unequal 
shows that in general when the X/N 
ratios for various tissues are unequal, the 
selective actions of the two radiations are 
also different for these tissues. 

Since, for the closely related shoot and 
root, D,,’/d.’#D,'/d.’ and since the dif- 
ferent X/N dosage ratios for the various 
types of Drosophila eggs indicate that a 
similar inequality of selective action can 
be written for them, this indicates a strong 
probability that for the closely related tu- 
mor and normal tissue D,,/d, #D,/d:. 

This indication of a probable difference 
in selective action is the full extent of the 
clinical implication of the existing data. 
And it is clearly an incomplete answer to 
the clinica! problem. As pointed out a few 
paragraphs before, the neutrons will be 
therapeutically valuable only if D,/d,> 
D,/d, and there is no way of predicting 
whether this is true or whether D,/d, 
<D,/d:. 

At this point it is pertinent to inquire 
whether experiments on various tissues of 
Drosophila eggs, wheat seedlings, or other 
lower organisms can give any specific in- 
formation about the relative behavior of 
human tissues toward the two radiations. 
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They can if, and only if, the X/N ratios 
of various cells can be connected by some 
general radiological law with a recogniz- 
able morphological or physiological prop- 
erty of the cells. For example, if experi- 
ments with lower organisms showed that 
in general the magnitude of the X/N ratio 
varied with the rate of cell division, this 
might make possible the prediction of the 
X/WN ratios for various mammalian tissues, 
including pathological ones. However, at 
present no such law is known. There is no 
correlation of the X/N ratio with division 
rate nor with any other obvious properties 
of the cells so far investigated. Perhaps as 
data on still other organisms and tissues 
accumulate, some such useful correlation 
may emerge. In the meantime the data ob- 
tained with the eggs and the seedlings tell 
us at least that whatever are the biological 
factors which determine the X/N ratio, 
these are not the same for all protoplasm of 
the same species nor for all kinds of cells 
in the same individual organism. 

The clinical significance of the experi- 
ments may be briefly summarized as fol- 
lows. The results indicate a strong prob- 
ability that the selective action of neutrons 
upon a tumor and the normal tissue may 
be different from that of roentgen rays. 
They do not, however, indicate whether 
the selective action of the neutrons will be 
more favorable or less favorable than that 
of roentgen rays. 

Absolute Effectiveness of the Two Radia- 
tions. For the foregoing discussion there 
was no necessity to consider the actual 
relative effectiveness of the two radiations 
in terms of tissue ionization. Although a 
direct measure of tissue ionization is im- 
practicable with either radiation, the 
measurements of one would be comparable 
to those of the other if we knew the ratio 
between the ionization produced in 1 cc. 
of tissue by 1 r and that produced by 1 n- 
unit. This ratio, previously referred to as 
W™, should from considerations of the mea- 
suring device and the present knowledge 
of neutron absorption,' be not far from 
unity. Moreover, comparative biological 


; : : 
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measurements involving not only roentgen 
rays and neutrons but also alpha particles® 
indicate that W probably lies between 
0.67 and 1.0. 

Since the X/N ratio for a given tissue 
(see Results) is simply the ratio between 
the number of roentgens required to pro- 
duce a certain degree of injury and the 
number of n-units necessary to produce the 
same injury, the actual ratio of tissue ioni- 
zation doses is W times the X/N ratio. For 
example, the ratio of tissue ionization doses 
for four and a half hour Drosophila eggs is 
3.2 W. This means that 3.2 W units of tis- 
sue ionization by roentgen rays are equiv- 
alent to I unit produced by neutrons, or 
that the neutrons are 3.2 W times as ef- 
fective as the roentgen rays. Since W has 
a value between 0.67 and 1.0, the neutrons 
are actually between 2.1 and 3.2 times as 
effective as roentgen rays upon this par- 
ticular type of biological material.* 

Since the X/N ratio for one and a half 
hour Drosophila eggs is 2.0, the intro- 
duction of the factor W indicates that 
neutrons are between 1.3 and 2.0 times as 
effective as roentgen rays. For the organs 
of the wheat seedling (Table v) the ratios of 
actual effectiveness range from a minimal 
value between 4.0 and 5.9 (that is, 5.9 VW) 
to a maximal value between 7.9 and 11.8 
(that is, 11.8 W). The relative effectiveness 
of the radiations therefore varies widely 
among the different tissues investigated. 
However, it will be noticed that, despite 
this wide variation in relative effectiveness, 
the neutrons are for all tissues more effec- 
tive than the roentgen rays. At present it 
is not known why this is so. As far as is 
known the individual ions are alike in 
nature. The only distinguishable difference 
in the ionization is in the distribution of 
the ions. Under neutron irradiation the 
Specific ionization is greater; that is, in 
the tracks of the recoil atomic nuclei the 
ions are spaced closer together than in the 
electron tracks due to roentgen rays. It 


* These ratios of effectiveness are somewhat affected by the 
presence of gamma rays in the neutron beam. When these can 
be eliminated, all of the neutron-roentgen-ray ratios of effective- 
ness will of course be slightly increased. 
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therefore seems probable that the relative 
effectiveness of the two radiations is in 
some way connected with the specific ioni- 
zation. 

Interpreted in terms of specific ioniza- 
tion, the experimental results indicate two 
points of interest. First, for all tissues so 
far investigated, the effectiveness of an 
ionizing radiation is greater the greater its 
specific ionization. This is in good agree- 
ment with the results of an earlier and en- 
tirely independent investigation with alpha 
radiation.* Second, the importance of specif- 
ic ionization in determining the effective- 
ness of a radiation varies widely from or- 
ganism to organism and from tissue to 
tissue. This is exemplified in the present in- 
vestigation by the fact that for one and a 
half hour Drosophila eggs the neutrons 
(high specific ionization) are only slightly 
(from 1.3 to 2.0 times) more effective than 
roentgen rays (low specific ionization), 
while for the wheat root the neutrons are 
under certain conditions between 7.9 and 
11.8 times as effective. This variation in 
the influence of specific ionization from or- 
ganism to organism has also been observed 
in recent experiments with alpha radia- 
tion.!° 

Relation to the Problem of Wave Length. 
Certain aspects of the wave length prob- 
lem can be also interpreted in terms of 
specific ionization. In general, for roentgen 
rays and gamma rays the greater the wave 
length, the greater the specific ionization in 
the electron tracks. Even for the longest 
available wave lengths, however, the specif- 
ic ionization is only from 1/10 to 1/100 
that produced by neutrons or alpha par- 
ticles. If, as indicated by the results with 
neutrons and roentgen rays, the greater 
specific ionizations are in general the more 
effective, it would be expected that longer 
wave lengths would be more effective than 
short ones. Let us consider which organ- 
isms would be likely to show such a wave 
length effect. The neutron-roentgen-ray re- 
sults show clearly that the behavior of one 
and a half hour Drosophila eggs is very 
little influenced by specific ionization. This 
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organism would therefore be expected to 
exhibit little if any effect of wave length. 
This expectation is in fact borne out by the 
results of Packard,® of Henshaw, Henshaw 
and Francis,* and of Glocker, Langendorff 
and Reuss,? all of whom report no detect- 
able effect of wave length upon this organ- 
ism. 

On the other hand, the wheat seedling, 
for which there is a large specific ionization 
effect, should be a favorable object for 
demonstration of a possible wave length 
factor. Some data of interest in this con- 
nection have been reported by Henshaw, 
Henshaw, and Francis.* These workers 
made extensive studies of the comparative 
effects of roentgen and gamma rays upon 
both Drosophila eggs and wheat seedlings. 
If, in interpreting their results, it be borne 
in mind that the roentgen rays and gamma 
rays were practically equal in effectiveness 
upon the Drosophila egg (see preceding 
paragraph), then their summarized data 
show that upon the wheat seedling the 
roentgen rays must have been 1.3 times as 
effective as the gamma rays. Since the 
roentgen rays have longer wave lengths 
and therefore higher specific ionization 
than the gamma rays, these results are 
clearly in accord with the generalization, 
indicated by the neutron-roentgen-ray and 
alpha particle experiments, that the higher 
the specific ionization the greater is the ef- 
fectiveness of the radiation. 

It should be emphasized, however, that 
although such a wave length effect, if ex- 
istent, is of great significance to experi- 
mental radiology, its practical importance 
in clinical radiology cannot at present be 
evaluated and may be negligible. 

The Shapes of the Survival Curves. In 
Tables 1, 11 and tv it will be noticed that 
the X/N dosage ratios for Drosophila eggs 
vary somewhat with the percentage of 
hatching at which the comparison is made. 
Expressed geometrically, this means that 
for any one type of egg the neutron curve 
differs in shape from the corresponding 
roentgen-ray curve. This will become clear 
by reference to Figure 7, where the curves 
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of Figure 5 (six-hour eggs) are redrawn so 
that their 50 per cent points coincide. The 
effect is not to be ascribed to any difference 
in the properties of the two radiations but 
to the lack of uniformity in neutron inten- 
sity throughout even the small volume oc- 
cupied by the egg preparation. A simple 
analysis shows that, if the shape of the 
neutron curve with uniform irradiation 
were exactly the same as that of the roent- 
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Fic. 7. An extreme example of distortion of the 


shape of the survival curve as the result of short 
target-object distances. See text for discussion. 
Drosophila eggs, mean age six hours (cf. Fig. 5). 
The neutron curve (V) and the roentgen-ray 
curve (X) are both plotted so that the unit of 
abscissae is the dose for s0 per cent survival 
(290 n-units or 785 r). 


gen-ray curve, the introduction of non-uni- 
formity would distort it in the fashion actu- 
ally observed. 

Fortunately, the effect of this distortion 
upon the X/N ratios is negligible. The dis- 
tortion for six-hour eggs, illustrated in Fig- 
ure 7, is the greatest encountered in all the 
egg experiments. For one and a half and 
four and a half hour eggs it is relatively 
small (Tables 11 and rv) and the average 
X/WN ratios are therefore good values for 
use in comparing these two types of eggs. 
Moreover, the influence of the distortion 
upon the X/N ratios is eliminated when the 
latter are obtained from the areas under 
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the respective curves (see footnote page 
619). As is evident from Figure 7, the areas 
under the two curves are essentially equal 
despite the difference in shape. 

The X/N Ratios for Different Varieties 
of Wheat. As shown in the second column 
of Table 11, the X/N ratios for wheat roots 
measured forty-eight hours after irradia- 
tion varied from 6.2 to 10.9. All of these 
values exceed and some are more than 
double the ratio of 5.0 obtained by Zirkle, 
Aebersold, and Dempster" for roots meas- 
ured after the same interval. This remark- 
able difference can hardly be ascribed to 
differences in the physical setup, for the 
radiations used, the arrangement for ir- 
radiation, and the measuring device were 
essentially similar in both investigations. 
Moreover, the results obtained with Dro- 
sophila eggs were practically the same. The 
discrepancy is probably due to the use of 
different varieties of wheat; Zirkle, Aeber- 
sold, and Dempster used “Big Club” while 
we used “‘Nabob.” This finding serves to 
emphasize the general fact brought out by 
the comparative results with the root and 
shoot, namely, that for even closely similar 
tissues the X/N ratios may be decidedly 
different. 


SUMMARY 


A study has been made of the compara- 
tive actions of neutrons and roentgen rays 
upon the roots and shoots of wheat seed- 
lings and upon three various age groups of 
Drosophila eggs. 

The roentgen rays were measured in 
roentgens and the neutrons in terms of an 
arbitrary ionization unit (n-unit). 

The relative action of the two radiations 
upon any one tissue was expressed by the 
X/N ratio, that is, the ratio between the 
number of roentgens required to produce 
some given degree of injury and the num- 
ber of n-units of neutrons which caused 
the same injury. If the X/N ratios for any 
two tissues were not equal, then the rela- 
tive action of the two radiations was quan- 
titatively different for those two tissues. 
For collections of Drosophila eggs whose 


Raymond E. Zirkle and Isadore Lampe 


APRIL, 1938 


average ages were one and a half, four and 
a half and six hours, the X/N ratios were 
respectively 2.0, 3.2, and 2.8. 

For the root of the wheat seedling the 
X/N ratio varied from 6.2 to 11.8, depend- 
ing upon various conditions, while that for 
the shoot ranged from 5.9 to 9.0. Under 
any given set of conditions, the ratio for 
the root was always greater than that for 
the shoot. 

Therefore, in each of two widely difter- 
ent species of organisms, it has been demon- 
strated that the relative action of neutrons 
upon closely related tissues is different from 
that of roentgen rays. From the clinical 
standpoint, this suggests the possibility that 
in radiotherapy the neutrons may have a 
selective action different from that of roent- 
gen rays. 

The relative effectiveness of the neutrons 
and roentgen rays, per unit of tissue ioni- 
zation, can be determined by multiplying 
the X/N ratios by a constant //’, whose 
value lies between 0.67 and 1.0. When this 
is done, it is found that for all the tissues 
investigated the neutrons were more eftec- 
tive than the roentgen rays. This is corre- 
lated with the closer spacing of the ions in 
the tracks of the secondary ionizing par- 
ticles. 

Whole body irradiation with neutrons 
was carried out on a number of mice. The 
lethal dose varied with the distribution of 
the radiation. Since a uniform distribution 
was not obtainable with the short target- 
object distances which had to be used, the 
mouse was considered unsuitable for this 
type of investigation. 


This investigation was conducted under the pro- 
visions of a grant from the Horace H. and Mary A. 
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SECONDARY RADIATION INTENSITY AS A FUNCTION 
OF CERTAIN GEOMETRICAL VARIABLES* 


By HERMAN E. SEEMANN 


ROCHESTER, NEW YORK 


| ie EXPERIMENTAL arrangements for 
radiation intensity measurements, espe- 
cially of roentgen rays, it is sometimes de- 
sirable to keep the intensity of the second- 
ary radiation from a filter placed in the 
beam as low as possible compared to the 
primary radiation. In other cases, it may 
be important to correct the total intensity 
for the contribution made by secondary 
radiation, provided the latter can be meas- 
ured. Furthermore, if it is possible to make 
such a correction for this error, the way is 
open, at least theoretically, for a method of 
measuring the secondary radiation as the 
prime objective of an experiment. 

With these general needs in mind, it 
seems worth while to consider some geo- 
metrical principles which, though simple, 
lead to results that cannot readily be pre- 
dicted without mathematical statements of 
conditions and combinations of these state- 
ments into condensed and useful equations. 
A number of simplifying assumptions have 
been made in the treatment in order that 
the results may be expressed in forms which 
are easily remembered and hence can serve 
as convenient guides in the arrangement of 
experimental apparatus. A number of 
physical effects, such as spatial distribution 
of secondary radiation and air absorption, 
are neglected because of lack of sufficient 
information about them. 

In spite of the limitations imposed on 
this discussion, however, it is felt that the 
formulas developed may prove useful to 
the experimenter in helping him to arrange 
his apparatus in such a manner that funda- 
mental conditions for maximum accuracy 
will be compromised only insofar as prac- 
tical considerations demand. While the dis- 
cussion assumes such physical impossi- 
bilities as point sources and point receivers, 
the results apply satisfactorily to a large 


number of experiments where source and 
receiver dimensions are re/atively small. It 
must be kept in mind in such idealized 
treatments that there is a useful range of 
application of the results which depends 
upon the accuracy required. 


PRINCIPAL ASSUMPTIONS 


The dimensions of source, filter or dia- 
phragm, and receiver are negligibly small 
compared to the distances between them. 

There is no air absorption of any of the 
radiation. 

Secondary radiation sources are perfect 
diffusers, i.e., the radiation intensity at a 
constant distance from a surface element 
is proportional to the cosine of the angle 
between the chosen direction and the 
normal to the surface. 

No assumption is made about the physical 
origin or quality of the secondary radiation. 

Secondary radiation intensity is directly 
proportional to the primary intensity pro- 
ducing it. 


TERMINOLOGY AND NOTATION 


The word “‘filter” is used to denote any- 
thing which transmits some radiation and 
also acts as a secondary source. 

Since the meaning of “‘intensity”’ in this 
discussion depends upon the quality re- 
sponse of the receiver used, it does not 
necessarily mean energy received per unit 
area per unit time. 

Ipp, intensity of the primary radiation 
at the filter or the diaphragm. 

Is, intensity of the secondary radiation 
at the receiver. 

Ip, intensity of the primary radiation at 
the receiver. 

I, =Ip+Ts, the total radiation intensity 
at the receiver. 

A, constant distance between source and 
receiver. 


* Communication No. 608 from the Kodak Research Laboratories, Rochester, N. Y. Presented at the 38th Annual Meeting, 


American Physical Society, Atlantic City, N. J., Dec. 28-30, 1936. 
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Dr, distance between the filter or the 
diaphragm and the receiver. 

B, C, E, F, G, H, proportionality con- 
stants. 

r, diaphragm radius. 

a, angle subtended by diaphragm radius 
at receiver. 

8, constant angle subtended by dia- 
phragm radius at source. 


DERIVATION OF FORMULAS 

Case 1. See schematic diagram at the 
top of Figure 2. 

How does the secondary radiation in- 
tensity /s; due to the irradiation of the filter 
by the source depend upon the filter-re- 
ceiver distance Dr? The filter remains 
fixed in size. The distance 4 is constant. 


130 


i= 


Is 70- 


10 20 30 40 50 6O 70 80 30 100 
Or (A =100) 


Fic. 1. Graphic representation of equation (3). 


The intensity /s is directly proportional 
to the intensity /pr of the primary beam 
at the filter and inversely proportional to 
the square of the distance Dz. That is, 


Is=I ) 
s*ipp (1, 
Dr 
where B is a constant. 

The intensity /pr also varies according 
to the inverse square of the distance be- 
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Fic. 2. Experimental test of equation (4). 
tween filter and source, or 
C 
Ipr=- (2) 


Substituting this value of Jpr in (1) and 
choosing a new constant FE = BC gives 


E 

 Dr®(4—Dr)? 
Inspection of this equation shows that Js 
increases very rapidly as the filter ap- 
proaches the source or the receiver and 
changes in the same manner in both direc- 
tions. Differentiation of (3) with respect to 
Dr and application of the rule for a mini- 
mum ‘show that the secondary radiation 
from the filter is a minimum when Der 
= 4/2, i.e., when the filter is midway be- 
tween receiver and source. 

Since it is the total radiation 7 which is 
indicated by the receiver, /p, the primary 
intensity at the receiver is added to both 
sides of equation (3), giving 


Dr?(4—Dr)?* 

Case 2. See schematic diagram at the 
top of Figure 3. 

This problem differs from Case 1 in that 
a fixed cone of radiation is used and the 
filter is of sufficient area to fill completely 
the cone of radiation. It is assumed to be 
uniform in constitution and absorption 
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Fic. 3. Experimental test of equation (6). 


over its area. The case corresponds to the 
common experimental condition of irradi- 
ating a fixed area (receiver) at a fixed dis- 
tance (4) through a filter which contrib- 
utes secondary radiation. The question is, 
how is the intensity of secondary radiation 
at the receiver affected by the position of 
the filter? 

The secondary radiation intensity is as- 
sumed to be directly proportional to the 
primary intensity at the filter and is there- 
fore proportional to 1/(4—Dr)*. The in- 
verse square law also applies to the second- 
ary radiation intensity at the receiver 
which is therefore proportional to 1/D,’. 
Since the area of the filter in the beam is 
proportional to (4—Dr,),’ the secondary ra- 
diation must also vary similarly. Combin- 
ing these statements into one equation, 

F(4—Dr)* F 
De? 

Thus, Js follows a simple inverse square 
law provided that the filter always fills the 
fixed cone of radiation. The minimum 
amount of secondary radiation therefore 
will be received from a filter if it is placed 
as near the source as possible and is made 
as small as possible by suitable diaphragm- 
ing. 

The total radiation is given by 


+1 (6) 
T ~ Dx? Pe 


Case 3. See schematic diagram at the top 
of Figure 4. 
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While the contribution of secondary ra- 
diation from the edge of the diaphragm i is 
normally small, there may be cases in roent- 
gen-ray research where it is of sufficient 
importance to warrant the simple treat- 
ment here given. It is assumed that a nar- 
row portion of the edge of the diaphragm 
is thin enough to be pentrated by the 
primary radiation and thus set up second- 
ary radiation from this volume of matter. 
Assuming the primary radiation to be dia- 
phragmed to a fixed cone, the amount 
received by the small radiating ring of the 
diaphragm is proportional to the periphery, 
which is directly proportional to (4— Dz), 
and to 1/(4—Dr)*. The intensity of the 
secondary radiation at the receiver is pro- 
portional to 1/Dz?. Combining these state- 
ments gives the equation 
G(A—Drp) 
The value of Js for such a ring second- 
ary radiator is a minimum when Dz = 2/32. 
Thecurvein Figure 4 isa plot of equation (7). 


Case 4. See schematic diagram, Figure 5 

If a diaphragm consists of a hole in a 
thick plate, the boundary faces of the hole 
being perpendicular to the plate, the above 
analysis would not be expected to apply 
well for small cone angles because such a 
small amount of the edge can transmit ap- 
preciable primary radiation. Instead, the 
projected area of the boundary faces of the 
hole in the direction of the primary rays 
and their secondary emission are the more 
important factors to consider. 
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Fic. 4. Comparison of theoretical curve for 
equation (7) with experimental data. 
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Fic. 5. Schematic diagram of apparatus 
for application of equation (9). 


The following discussion applies to the 
secondary radiation from the boundary 
faces of a thick diaphragm with constant 
cone of radiation. The number of factors to 
be considered in this case make it desirable 
to list the quantities to which the secondary 
radiation is proportional, with the reason 
briefly stated: 

(4—Dr)? Primary intensity at dia- 
phragm determines second- 
ary intensity. 

Length of peripheral surface 
proportional to (4 —Dr). 
Secondary intensity re- 
ceiver depends upon Dr. 
Secondary intensity propor- 
tional to amount of surface 
“seen” by receiver. Cosine 
law of perfect diffusion. 
Secondary intensity propor- 
tional to total radiation re- 
ceived by surface. Cosine law 
of illumination. Sin 6 is, how- 
ever, a constant for this case. 


(4 


to 


I, ‘Dr’ 


sin @ 


sin B 


Combining all of these factors gives the 
expression: 

(4—Dp) sin 
. (8) 

Kor small values of a, sin @ is given ap- 
proximately by r/Der where r is the radius 
of the diaphragm. 

Since 8 is constant, r is proportional to 
(4 


The final equation is therefore: 


H(A—Dnr)* H 
(. R AL (0) 


Thus, the secondary radiation received 

from the boundary faces of the diaphragm 

decreases very rapidly as the diaphragm is 
moved towards the source. 
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In general, a physical diaphragm will 
combine the characteristics of the dia- 
phragm of Case 3 and Case 4. The theo- 
retical curve shown in Figure 4 for equa- 
tion (7) shows such a slight variation in Is 
over a wide range of values of De that 
equation (9) can probably be applied with- 
out much consideration for (7) in many 
practical cases. The region of small values 
of Dr requires attention to both cases. 
Taylor! found experimentally that the 
shape of the edge, within the limits of 
reasonable design, made no difference in 
the measurement of roentgen-ray intensi- 
ties. This does not necessarily mean that 
the effect is so very small, for Taylor used 
two diaphragms, the first to define the 
primary beam and the second to reduce the 
effect of secondary radiation from the first, 
which is in accord with principles of good 
design. 


EXPERIMENTAL TESTS OF THE THEORY 


Case 1 (see Fig. 2) was tested by vary- 
ing the position of a piece of frosted glass 
between a small incandescent lamp and a 
Weston Photronic cell. The projected di- 
mensions of the lamp were about 0.2 X0.8 
cm., the frosted glass was diaphragmed 
to a disc of I.g cm. diameter and the cell 
aperture was 1.3 cm. diameter. Distance 4 
was 100 cm. here and also in all other ex- 
perimental tests. Plotting the intensities 
against 1/D,?(4—D,)? gives the straight- 
line form of equation (4). Satisfactory 
agreement with the theory is shown in 
curve 4, which was taken with the glass 
frosted on both sides, and in curve B with 
the glass frosted on one side and then 
coated with Kodak Print Waterproofing, a 
cellulose compound. Fairly distant ob- 
jects could be seen through the latter glass 
as through a light fog. Ordinates for curve 
B should be multiplied by 10 for compari- 
son with 4. The intercept on the intensity 
axis is the intensity of the primary beam Jp 
transmitted and the slope is the propor- 
tionality constant E. This gives then a 


convenient means for comparing true pri- 
mary and secondary radiation intensities. 
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Theoretically, all the data possible by this 
method may be obtained from observations 
for two different values of Dr such that 
DriXx(A—Drprz). The smallest value of De 
shown on the graphs is 12 cm., correspond- 
ing to an abscissa of 8.9 X10~7 cm~. 

Curves 4 and B (Fig. 3) are experimental 
tests with roentgen rays of the validity of 
equation (6), Case 2. The intensity ob- 
servations were made photographically for 
curve 4 under the following conditions: 
Projected focal-spot size of roentgen tube 
about I X1 sq. cm.; tube potential, 180 kv. 
constant; lead diaphragm, 1 cm. thick with 
5.1 cm. diameter opening; focal spot-dia- 
phragm distance 34.6 cm.; filter, cold rolled 
steel 1.3 cm. thick; results from five or six 
exposures averaged for each datum; rec- 
tangular exposed areas of film 1.0 X1.2 cm. 
of which a central disc having a diameter of 
0.§ cm. was measured. The smallest value 
of Dz plotted on curve 4 is 30.5 cm. The 
average deviation from the mean of the 
observations of the total intensity was 2 
per cent. 

The observations for curve B were made 
with a thimble chamber measuring 1.9 
cm. inside diameter by 4.2 cm. length at- 
tached to a Victoreen dosimeter. The 
transit times of the fiber image between 
fixed scale points were taken as inversely 
proportional to the intensity. Other con- 
ditions differing from those for curve 4 
were: Tube potential, 190 kv. constant; 
filter, aluminum o.5 cm. thick; three ob- 
servations averaged for each datum. The 
smallest value of Dz plotted on curve B is 
20.0 cm. For smaller values, the deviation 
from a straight line is considerable, as 
would be expected. The average deviation 
from the mean of these observations of 
total intensity was about 0.5 per cent. 
While it is to be expected that ionization 
measurements can be made with greater 
precision than photographic measurements, 
another element enters into any considera- 
tion of relative precision of these two de- 
terminations, viz., the fact that for a given 
tube voltage fluctuation the corresponding 
primary intensity fluctuation is greater for 
high than for low filtration. 
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Equation (6) was also tested optically 
with frosted glass and all of the data came 
within less than 0.5 per cent of a straight 
line. 

It is apparent, of course, that a precision 
determination of J; is not necessarily a 
precision determination of Js, with which 
the theory is essentially concerned, for 
=Is+Ip. The experimenter must decide 
whether the precision of his measurements 
is adequate for his needs. A possible method 
for isolating Js is to mask the central por- 
tion of a filter with an opaque disc just 
large enough to shield the receiver from 
the primary beam. I have not tried this 
and merely offer it as a suggestion having 
obvious experimental limitations. If the 
mask is fixed in size for Case 1, equation 
(3) applies and if its area is proportional 
to that of the filter for Case 2, equation (5) 
applies. 

A direct test of equations (7) and (9) for 
the conditions to which they apply would 
be difficult but a method was devised by 
which the conditions for equation (7) could 
be imitated roughly. Several black rings of 
small constant width but different diam- 
eters were drawn on white paper and 
photographed. The resulting negatives, 
consisting of transparent rings with es- 
sentially opaque masks, were then used on 
ground glass and opal glass as a means of 
testing equation (7). The angle between 
the axis and the marginal ray from the 
center of the lamp was 2.1°. Figure 4 gives 
a comparison between experimental results 
and the theoretical curve, the ordinates 
being adjusted to coincide for one point. 
While the experimental errors may be 
somewhat greater than in the other optical 
tests there is almost certainly a systematic 
deviation here. 

It is well known that frosted glass is not 
a perfect diffuser and may depart con- 
siderably from this condition. Furthermore, 
in the type of tests considered, the devia- 
tion from the theory for the ring radiator 
would be greater than for the disc radiator 
for the same value of Dez because of the 
large percentage of radiation near the axis 
in the latter case which approximates more 
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closely the assumed conditions. Flashed 
opal glass is, in general, a better diffuser 
than ground glass and the corresponding 
results show a somewhat better agreement 
with the theory. It appears, therefore, 
that the lack of agreement between theory 
and experiment in this case has a satis- 
factory qualitative explanation in a phy- 
sical effect. 

It may be of interest to consider a type 
of problem which can be solved experi- 
mentally with the aid of one of the cases 
derived, namely, what part of the total 
exposure is due to secondary radiation in 
the roentgenography of some particular 
phantom or test object? If the phantom is 
of considerable area the problem may be 
treated according to Case 2. With the 
roentgen-ray beam diaphragmed to as 
narrow a cone as possible and with the 
phantom as near.the tube as possible, an 
exposure is made. The phantom is then 
moved farther from the tube, but not so 
far that the conditions for Case 2 are not 
fulfilled, and another exposure made. From 
these data the value of the exposure due to 
the primary beam may be calculated ac- 
cording to equation (6) or obtained 
graphically as in Figure 3. When the ex- 
posure due to the primary beam is found, 
the phantom may be placed in contact with 
the receiver (film in this case), an exposure 
made and the part due to secondary radia- 
tion determined. The elementary theory 
does not apply for this last position, of 
course, but it is no longer needed. For this 
reason too, the cone of radiation may be 
made larger if desired. 

The simplicity of the formulas derived is 
due to the use of assumptions which are 
known to invalidate the results for extreme 
conditions. If they are to be used outside 
the range for which the investigator has 
experimental verification, it is advisable to 
consult the literature for certain refine- 
ments. Although the appended refer- 
ences?*.* do not refer to the specific cases 
given here, they do give a more detailed 
study of the radiation intensity from dif- 
ferent types of primary sources, and their 
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results can also be applied to secondary 
sources. 


I am indebted to Mr. K. S. Weaver of the Pho- 
tometry Division for making the optical measure- 
ments and offering suggestions, and to Mr. R. B. 
Wilsey for discussions of the problem. 


SUMMARY 


Intensity measurements of a beam of 
radiation passing through filters or dia- 
phragms may be affected by the secondary 
radiation produced. Definite means for 
estimating the secondary radiation in- 
tensity must therefore be used if this 
quantity is to be separated from the pri- 
mary. Making certain assumptions, it is 
possible to treat the problem geometrically 
and, with source and receiver fixed, obtain 
simple relations between the secondary in- 
tensity and the distance between scatterer 
and receiver. Several cases are considered: 
(1) the position of a filter of fixed size is 
varied; (2) the filter size is always large 
enough to fill completely a fixed cone of 
radiation; (3) the edge of the diaphragm 
furnishes secondary radiation due to partial 
transmission of the primary beam; or (4) 
due to the incidence of the primary beam 
directly upon the boundary faces of the 
hole. The results apply to several kinds of 
radiation, since the treatment is geo- 
metrical. There is satisfactory experimental 
verification of the formulas developed for 
Cases 1 and 2, but Cases 3 and 4 will re- 
quire great constancy of radiation intensity 
and sensitivity of measuring apparatus. An 
indirect test of Case 3 gave results deviat- 
ing from the theory in a manner to be ex- 
pected from imperfect diffusion. 
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THE SPATIAL DISTRIBUTION OF RADIATION FROM 
A SUPERVOLTAGE ROENTGEN TUBE. II* 


By KENNETH E. CORRIGAN, Px.D., BENEDICT CASSEN, Pu.D., and 
HENRIETTA S. HAYDEN, Px.D. 


DETROIT, MICHIGAN 


Yom fact that a beam of roentgen rays, 
if produced by a vanishingly thin tar- 
get, will be asymmetric in space has been 
known for many years and is fully dis- 
cussed in such textbooks as Compton and 
Allison’s “X-rays in Theory and Experi- 
ment.’ In a previous paper? an attempt 
was made to determine the importance of 
these phenomena in the S00 kv. range. 

In this presentation we wish to deal with 
the distribution found with practical filtra- 
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tion on portals normally used for therapy. 
To do this it was necessary to work with 
the lead armor on the tube, and hence it 
was essential to demonstrate that this ar- 
mor did not change the distribution by 
secondary phenomena. Figure 1 shows how 
this was done. Two heavy lead collimators 
were made and fitted to a rigid steel frame 
in such a manner that the angle between 
them was go°, and adjusted so that they 
both were aligned on the same small spot 
on the target. When this was done, meas- 
urements were made which demonstrated 
that the intensity ratio through these col- 
limators was the same as that through the 
therapy portals. By this means it was 
demonstrated that tube geometry was not 
influencing the findings, and thereafter all 


measurements were made on the regular 
portals. These portals take in the entire 
focal spot, and the beam is defined in the 
normal manner by square holes in thick 
lead. It was shown that at normal therapy 
filtration the quantity difference of the ra- 
diation is two to one in favor of the portal 
at o° over that at go°, and that this ratio 
will vary only slightly with practical filtra- 
tion. Although this quantity difference is 
important due to its magnitude, of much 
greater importance is the difference in 
quality which exists in this and higher 
voltage ranges. 

Depth dose measurements were taken in 
a phantom made of tempered pressdwood, 
shown in Figure 2. This material was sug- 
gested to us by Dr. Otto Glasser. The 
phantom consists of 48 sheets of material 
8 mm. (5/6”) in thickness and 30.5 cm. 
(12”) square. The entire phantom is en- 
closed in a wooden box open on one side 
and having an open frame 28 cm. (11”) 


Fic. 2 


* From the Department of Roentgenology, Harper Hospital, Detroit, Mich. Read at the Fifth International Congress of Radiology, 


Chicago, Ill., Sept. 13-17, 1937. 
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square at one end. The sheets can be 
slipped in and out through the open side. 
A block to receive the chamber was con- 
structed from two slabs of pressdwood, each 
made by gluing together two separate 
sheets. These double sheets were then 
clamped together and drilled through the 
edge, in such a manner that one-half of 
the hole which receives the chamber is con- 
tained in each slab, and the center of the 
chamber lodges in the center of the block. 
When one of the double sheets is used for 
the front of the phantom, the chamber is 
half immersed in the material. With the 
two halves of the block together, the cham- 
ber can be placed at any position within 
the depth. In this way-a curve can be ob- 
tained showing the exact manner in which 
the dosage changes with the depth. The 
phantom can be placed in any position 
around the tube without changing this re- 
lationship. Thus a great mechanical ad- 
vantage was obtained over either the rice 
or water phantom. Since the pressdwood 
has a density higher than rice, the dosages 
obtained with this phantom are slightly 
lower than the rice and paraffin measure- 
ments previously published.’ 

To determine the relative quality of the 
radiation from the go° and o° portals as 
shown by depth dose, a complete series of 
depth dose measurements was made with 
the wood phantom. Figure 3 shows the 
depth dose found in these two positions at 
500 kv. constant potential with the filter 
as regularly used in therapy. This filter® 
consisted of a combination of lead, copper, 
and iron equivalent to 7 mm. of iron. The 
filtration is precisely the same on both 
portals. The field size was 20 X20 cm. The 
depth dose at 10 cm. on the go° portal was 
shown to be 46.5 per cent, while that on 
the o° portal was 50.5 per cent. This cor- 
responds to a difference in equivalent volt- 
age of nearly 100 kv. Heavier filtration was 
obtained by adding lead and other ma- 
terials near the target of the tube at a dis- 
tance of 48 cm. from the phantom. It is to 
be noted that the phantom occupied ex- 
actly the normal position of a patient, the 
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target skin distance being 60 cm. As has 
already been demonstrated in this voltage 
range, the addition of 1 mm. of lead alone 
served to degrade the beam and lower the 
depth dose. Due to the higher density of the 
pressdwood, this effect was more marked 
than in the previous measurements with 
rice and paraffin. When sufficient iron or 
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iron and aluminium was added between 
the lead filter and the phantom to remove 
the characteristic and degraded radiation 
from the lead, the depth dose rose to its 
original value but did not improve unless 
the added lead filtration was increased to 
more than 2 mm., which in addition to the 
normal filter was beyond practical limits 
for the 90° portal. Field sizes of 15 X15 cm. 
and 10X10 cm. were also used. Both dem- 
monstrated the satisfactory quality of this 
phantom, as the depth dose decreased 
normally with the area. Depth dose as a 
measure of quality and therapeutic value 
of a beam still remains a problem to be 
further explored in this and higher voltage 
ranges, but it is evident that the asym- 
metry of the beam in part explains the low 
values shown by this factor almost uni- 
versally in the past. A thimble chamber 
was used for all measurements reported in 
this paper. Depth dose measurements of 
this type, in addition, are not to be con- 
sidered absolute tests of quality, but the 
100 kv. difference in effective voltage 


636 


establishes an order of magnitude and 
should have significance in therapy. 

A more reliable test of the quality of a 
beam in this voltage range is the half-value 
layer in a light element. In taking these 
measurements it is possible to use a small, 
well-collimated beam, so that scattered 
radiation and the transition radiation from 
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an added filter of a heavy element does not 
influence the result as seriously as in depth 
dose measurement. 

The applied voltage is measured only 
with a large (so cm.) sphere gap, and it is 
known that this may be in error by about 
20 kv., in fact the absorption measure- 
ments are a better estimate of applied po- 
tential than the usual voltage measure- 
ments. Since the maximum energy of radi- 
ation from the Compton scattering at this 
voltage is projected at approximately 30°, 
special precautions must be taken to pre- 
vent this radiation from reaching the 
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measuring chamber or the half-value layer 
will appear much too high. 

With these reasons in mind, a beam of 
radiation was brought out through a series 
of three collimating diaphragms 1 inch 
(2.5 cm.) in diameter. These diaphragms 
consisted of lead plates 1 inch thick drilled 
with a r inch hole in the center. They were 
spaced approximately 8 inches (20 cm.) 
apart and held in a rigid iron frame. The 
first diaphragm was placed 6 inches (15 
cm.) from the focal spot, and the thimble 
chamber 8 inches (20 cm.) from the last 
diaphragm. The chamber was protected 
with 3 mm. of aluminium at all times. Fil- 
ters which were added to the original filter 
were placed ahead of the first diaphragm, 
and the measuring filters were placed be- 
tween the second and third diaphragms, 
near the third. 

The dotted lines of Figure 4 show the 
absorption in aluminium found for a go° 
portal with and without added lead filtra- 
tion. The lower dotted line shows the 
half-value layer without added filter to be 
2.22 cm. of aluminium, corresponding to an 
effective voltage of 220 kv. This is in sub- 
stantial agreement with previous findings 
on a larger beam at 550 kv. To get a meas- 
ure of the composition of the beam, lead 
filters were added. The upper dotted line 
shows that with 2.2 mm. Pb added, the 
half-value layer is about 2.50 cm. and the 
effective voltage about 300 kv. This filter 
is too thick to be practical on this portal. 

Figure 4 also shows in solid lines the 
same measurements taken on a beam at 
o°. The lower line of this set is again the 
beam with no added filter, and shows a 
half-value layer of 2.35 cm. (260 kv. eff.). 
The upper solid line shows this 0° beam 
with 2.2 mm. Pb added, and gives a half- 
value layer of 2.75 cm. corresponding to 
an effective voltage of 390 kv. It should 
also be noted that due to the fact that the 
intensity is twice as great at O° as it is at 
go° (through these heavy filters), the 2.2 
mm. of lead added to the normal filter is 
not entirely impractical. 

Half-value layer and absorption coef- 
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ficient measurements were made in other # 
elements with substantially the same re- “PM 
sults in each case. The tin curves (Figs. 5  *## 
and 6) are presented as an illustration. 
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Biological tests were made using rab- 


bits. Two different groups were irradi- 
ated, all the rabbits in each group being 


litter mates of approximately the same 
TABLE | 
BIOLOGICAL DATA 
1937 
| | A 
| Approximate 
-| Date | |Date of 
No. of | | | Dees Filter | Firat Original Weight Date of 
Rabbit} | Ba, Weight Aug. 21 | Appearance 
ated | Picture i 7 | of Epilation 
April 3 | End 1000 r| None July 30) 4.50 lb. 8.25 lb. None 
2 April 3 | Top 1000 r} None July 30) 4.50 7.25 July 28 
April 3 | End 1000 r| 1.1 mm. Pb July 30] 4.5¢ | None 
4 April 3 | Top | 1.1mm. Pb |July 30] 4.50 | July 28 
| | | | 
| 
5 | May 22] End 1500 F | None | 3-50 Died May 26 | 
6 | May 22| Top | rsoor| None 3.50 Died May 29 | 
| | 
. | 
_ | May 22] End | 200cor| None 3-50 | Died May 26 | 
8 | May 22| Top | 2000r| None 3.50 | Died May 27 | 
| 
| 
| 
9 | May 22 End | 1500r| 1.1mm. Pb jJuly 13] 3.50 4.75 lb. None 
10 | May 22 | Top 1socr| 1.1 mm. Pb [July 13} 3.50 3.13 | July 13 
Control rabbits for Nos. 1, 2, 3 and 4 4.50 lb. 8.50 Ib. 
Control rabbits for Nos. 5, 6, 7, 8, 9 and 10 3.50 |b. $.75 lb. 


The body of a rabbit is not sufficiently thick to show much differential ieee een surface effect and effect in the depth, at this voltage. 

Rabbits No. 5, 7 and 8 showed marked diarrhea three to four days after the roentgen treatment. No. 6 showed only mild signs of 
diarrhea and that not until five to six days after the treatment. 

All rabbits which died were examined by Dr. P. F. Morse. 
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Fic. 7a. Rabbit No. 1. End portal, 1,000 r; no filter. 
Photograph taken July 20. Results: No effect. 


Fic. 74. Rabbit No. 2. Top portal, 1,coo r; no filter. 
Photograph taken July 30. Results: Epilation with 
stimulation of new growth of hair more dense and 
softer than the original; outline of field well 
marked; field distribution uniform. 


weight. Controls were kept for each group. 
Each rabbit was anesthetized with a small 
intraperitoneal injection (1 mg. per kilo 
body weight) of nembutal which immobi- 
lized them completely throughout the 
course of the exposure. The rabbits were 
then strapped onto wooden racks mounted 
on the head of the tube and adjusted to 
such distance that the intensity of the ra- 
diation in r/min. was precisely the same 
(so r/min.) at each port. The wooden 
frames carried lead shields which had holes 
cut in them to form the treatment ports. 
Two rabbits were treated simultaneously, 
each receiving the same number of roent- 
gens in the same time, with the same field 
size and the same area of the body, the 
only difference being the angle at which 
the radiation emerged from the axis of the 
roentgen tube. The area of the skin treated 
in each case was about Io cm. sq. 

Table 1 shows in outline the method of 
the experiment and the results. One group 
of rabbits (Nos. 1, 2, 3 and 4) was given 
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1,000 r each, Nos. 1 and 2 being treated 
without added filter; Nos. 3 and 4 with 1.1 
mm. lead added. The second set was given 
1,500r each, Nos. 5 and 6 without added 
filter; Nos. 9 and Io with 1.1 mm. lead 
added. Two rabbits (Nos. 7 and 8) were 
given 2,000 r without added filter. Both 
pairs treated without added filter died 
within a few days. Of the 6 that lived none 
of those treated at the end portal showed 
any epilation, while each of those treated 
at the top portal did show epilation. The 
appearance of the full skin reaction is de- 
layed quite a long time, although somewhat 
indefinite indications such as an excessive 
amount of loose hair appear almost at 
once. Rabbits No. 2 and 4, which received 
the lower dosage (1,000 r), showed full epi- 
lation only after nearly four months, while 
the one receiving 1,500 r showed epilation 
in one and one-half months. Nos. 2 and 4 
seemed to recover fully, and new and softer 


Fic. 8a. Rabbit No. 9. End portal, 1,500 r; 1.1 mm. 
Pb. Photograph taken July 13. Results: No epila- 
tion or field mark; some systemic damage; slight 
loss of weight; fully recovered. 


Fic. 84. Rabbit No. 10. Top portal, 1,500 r; 1.1 mm. 
Pb. Photograph taken July 13. Results: Epilation, 
desquamation, general systemic damage with loss 
of weight. Died August 31. 
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hair grew: in where the denuded field had 
been. In contrast, No. 10, treated with 
1,500 r with 1.1 mm. Pb added, grew some 
hair again, but the spot was never covered. 
Furthermore this rabbit grew weaker, and 


more emaciated until it died after about 


three months. 

This preliminary work would indicate a 
definite difference in skin effect between 
the o° and go° portals. In this connection 
it must be noted that the body of the rab- 
bit as strapped against the frame was only 
about 7 cm. in thickness. The standard 
back-scatter curves (Fig. 9) indicate that 
the maximum back-scatter was not reached 
and hence the effect should be much greater 
on a larger animal if the same size portal is 
used. With larger portals the effect could 
be expected to be slightly less marked. The 
animal experiments were undertaken to 
determine whether or not the spatial dis- 
tribution effect of the higher quality radia- 
tion had any biological significance, and 
whether or not its existence already proved 
by physical measurements could be dem- 
onstrated with biological material. In both 
connections the conclusions seem to be 
definitely positive. 

We must point out that we have not 
used the portals of greatest efficiency in 
this work, as the maximum for 500 kv. ap- 
pears at an angle of approximately 20° to 
the cathode ray. However, only portals at 
o° and go® were available on our therapy 
tube. 

The purely theoretical formulae are not 
easily applicable in the range of filtration 
which may be used for therapy. However, 
it seems certain that where a difference of 
two to one exists at 500 kv., that difference 
will be of much higher order at higher 
voltages. 

It has been shown that the emergent 
beam at 90° is predominantly softer radia- 
tion containing a portion of high quality 
radiation, while that emitted in the for- 
ward direction is predominantly the short 
wave end of the spectrum. In all prob- 
ability the radiation of desirable quality at 
higher voltages will be emitted even more 
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at small angles in the forward direction, 
and, if the target is not transparent, will 
be absorbed. 

These measurements were all made with 
a thimble chamber which may have some 
wave length dependence in this voltage 
region. 
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It is probable that a comparison of the 
intensity of heavily filtered radiation at 
different angles will give a more accurate 
measure of voltage than we have at pres- 
ent. 


SUMMARY 
It has been shown that: 


1. The radiation emitted by a roentgen 
tube operating at 500 kv. is asymmetrical 
in space. 

2. The high quality radiation is dis- 
tributed predominantly in the forward di- 
rection. 

3. With filters light enough to be of prac- 
tical use in therapy, a difference of the or- 
der of 100 kv. in effective voltage exists 
between different portals. 

4. The composition as to quality of the 
emergent beam is different at different 
portals. 

5. The difference in quality has been 
demonstrated on animals. 

6. The spatial distribution of the radia- 
tion is a function of the applied voltage 
and may serve as a sensitive measure of 
“effective voltage.” 


cs 
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FRACTURES OF THE SKULL 


N THE early days of roentgenology, a 

great deal of the discussion at the an- 
nual meetings had to do with the tech- 
nique and the positioning of the patients 
for the proper roentgenographic studies. 
With the increase in the knowledge of the 
pathological processes which might be 
demonstrated by the roentgen ray, this 
interesting and instructive feature of the 
annual meetings became more and more 
neglected until now it represents an almost 
unknown quantity, except for the reports 
which are from time to time published in 
the departments of technique of the various 
roentgenological journals. 

The importance of a proper technique in 
the examination of suspected fractures of 
the base of the skull was called attention 
to by Ginsburg* in a paper in which he 
emphasized the fact that modern cranial 
roentgenography must free itself from the 
customary limitations by which only two 
kinds of views are wanted, one in profile 
and one in frontal aspect. He noted the 
importance of concentrating on detailed 
localization and the necessity of exploring 
roentgenographically the various regions of 
the skull in order to determine the presence 
or absence of a fracture. In this article he 
gives eight principal methods of diagnostic 
procedure in the detection of fractures of 
the base of the skull, including those of the 
occipital bone. These are as follows: 


I. For the base of the skull: 


a. Schiiller’s axial projection. 

b. Inverse axial projection. 

c. Ordinary lateral projection (in pro- 
file). 


* Ginsburg, W. Roentgen diagnosis of fractures of the base of 
the skull. Am. J. Roenrcenor. & Rap. THERAPY, 1935, 74, 325- 


336. 


Il. For the temporal bones: 
a. Schiiller-Lange-Sonnenkalb’s 
projection. 
b. Stenvers’ posteroanterior projection. 
c. Mayer’s axial projection. 
d. Sonnenkalb’s tangential projection. 
e. Schiiller’s sagittal projection. 


lateral 


In furtherance of Ginsburg’s observa- 
tions on the necessity of detailed studies of 
the base of the skull, particularly in sus- 
pected fractures of the petrous apex, we 
would call attention to a recent book en- 
titled ‘“Traumatismes de J’oreille’” by 
Ramadier and Caussé,+ and to the addi-. 
tional following comment of the Lancet** 
on fracture of the petrous. 


In their book on injuries of the ear,... 
Ramadier and Caussé draw attention to a class 
of fractures of the internal ear which they term 
“microscopic,” because they may escape notice 
at post-mortem examination even with a mag- 
nifying glass, and only be revealed by histologi- 
cal or radiological examination of the petrous 
bone after its removal. The remote effects of 
these fractures may be dramatic. Clinically the 
patient has an injury to the skull in which a 
fracture may or may not be diagnosed, and is 
left with a dead internal ear with complete 
deafness and an inexcitable labyrinth. The line 
of fracture does not become well consolidated, 
so that a communication remains from the 
tympanum to the internal ear and to the pro- 
longation of the subarachnoid space in the 
internal auditory meatus. Months or years 
later a simple otitis is rapidly followed by 
meningitis, and this without symptoms of in- 
flammation of the labyrinth, which is already 
dead. The authors believe that in cases where 
an otitis is quickly followed by meningitis a 
history of head injury might often be obtained 
if it were sought for. Contrary to the usual 
opinion, then, a transverse fracture of the 

t Ramadier, J.-A., and Caussé, R. Traumatismes de I'oreille. 


Masson et Cie, Paris, 1937. 
** Fractures of the petrous. Lancet, Feb. 5, 1938, 7, 331- 
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petrous bone involving the internal ear carries 
a worse prognosis than a longitudinal fracture 
which opens the tympanum and tears the mem- 
brane. 

The indications for surgical interference in 
fractures of the petrous bone are by no means 
simple. In the French writers’ opinion, when 
the fracture does not involve the labyrinth and 
there is no suppuration of the middle ear, there 
is no need to operate; if there is suppuration 
it is doubtful whether a mastoid operation will 
lessen the slight risk of meningitis due to injury 
to the dura mater in the line of fracture. If 
mastoiditis supervenes a radical mastoid opera- 
tion should be done rather than antrotomy, in 
order to remove as far as possible suppuration 
of the fracture of the tegmen tympani, and this 
operation is also advisable in chronic suppura- 
tion. When the fracture involves the labyrinth, 
no operation is indicated if there is no suppura- 
tion, whether the drum has been ruptured or 
not. If otitis media occurs, the authors are in 
doubt whether to leave things alone, to perform 
a radical mastoid, or to combine this with a 
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labyrinthotomy as advised by O. Voss.! The 
appearance of any meningeal reaction calls for 
a mastoid operation and, if a fracture of the 
labyrinth is confirmed at operation or by radi- 
ography, for labyrinthotomy. Owing to the 
likelihood of meningitis following even a mild 
otitis where there has been an old injury and a 
dead labyrinth, lumbar puncture should be 
done on such patients if there is the slightest 
sign of meningeal irritation, followed, if the 
findings are positive, by mastoidectomy and 
labyrinthotomy. In view of this danger of sub- 
sequent meningitis, Voss advises labyrinthot- 
omy in all cases of transverse fracture of the 
petrous bone. 


With the enormous increase in cranial 
injuries occurring in automobile accidents 
and in modern construction works, frac- 
tures of the base of the skull assume an 
increasing importance; too frequently they 
go unrecognized because of inadequate 
examination. 


1 Die Chirurgie der Schadelbasisfracturen, Leipzig, 1936. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unrrep States OF AMERICA 

AMERICAN RoENTGEN Ray Society 
Secretary, Dr. C. B. Peirce, University Hospital. Ann 
Arbor, Mich. Annual Meeting: Atlantic City, N. J., 
Sept. 20-23, 1938. 

AMERICAN COLLEGE oF RADIOLOGY 
Secretary, Dr. E. L. Jenkinson, 1439 S. Michigan Ave., 
Chicago, Il]. Annual meeting, 1938: To be announced. 

Section on Rapto.ocy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
— Annual meeting: San Francisco, Calif., June 13-17, 
1938. 

Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting, 1938: To be announced. 

Section, BALTImorE City MEpIcaL Society 
Secretary, Dr. Howard H. Ashbury, Baltimore. Meets 
third Tuesday each month, September to May. 

RaproLoacicat Section, Connecticut MeEpicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. ‘ena twice annually in May and September. 
Special meetings may be called by the Chairman. 

RaproLocicat Section, Los Co. Mep. Soc. 
Secretary, Dr. M. L. Pindell, 678 S. Ferris Ave., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

RaDIoLocicaL Section, SouUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooktyn RoENnTGEN Ray Society 
Secretary, Dr. E. Mendelson, 120 E. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

Burrato Sociriy 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. Meets second Monday of 
each month except during summer months, place of 
meeting selected by the host. 

Cuicaco RoEntTGEN Society 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. Meets 
second Thursday of each month October to May inclu- 
sive at the Palmer House. 

Cincinnati Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincin- 
nati, Ohio. Meets third Monday of each month, Octo- 
ber to May, inclusive. 

CLEVELAND Rap1o.ocicaL Society 
Secretary, Dr. Harry Hauser, 3395 Scranton Rd. 
Meetings are held at 6:30 p.m. at the Cleveland Chamber 
of Commerce Club rooms on the fourth Monday of each 
month from October to April, inclusive. 

Denver Rapio.ocicat 
Secretary, Dr. E. A. Schmidt, 4200 E. gth Ave., Denver, 
Colo. Meets third Tuesday of each month. 

Detroit Roentcen Ray Rapivum Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Fioripa StaTE RADIOLOGICAL SociETY 
Secretary, Dr. Harold O. Brown, Tampa, Florida. 
Meetings held twice a year, May and November. 

Georoia Society 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets twice annually: in November and 
at annual meeting of Medical Association of Georgia in 
the spring. 

Rapro.ocica Society 
Secretary, Dr. E. P. Halley, Decatur and Macon County 
Hospital, Decatur, Ill. Meetings held quarterly, time 
and place designated by president. 


INDIANA ROENTGEN SOCIETY 
Secretary, Dr. C. C. Taylor, Indianapolis, Ind. Meeting 
held the second Sunday in May annually. 

Lone Istanp Rapro.ocicat Society 
Secretary, Dr.S.G. Schenck, 115 Eastern Parkway, Brook- 
lyn, N.Y. Meets at Kings County Med. Soc. Bldg. on 
fourth Thursday of each month from October to May, at 
8:30P.M. 

AssociaTION OF ROENTGENOLOGISTS 
Secretary, Dr. C. S. Davenport, St. Lawrence Hospital, 
Lansing. Three meetings a year, Fall, Winter, Spring. 

RoentcEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. Meets monthly. Place of meeting named 
by the president. 

Minnesota RaDIoLocicaL Society 
+ ga Dr. H. M. Weber, Mayo Clinic, Rochester, 

inn. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets first Wednesday of each month, at 6 P.m., 
at either Omaha or Lincoln. 

New Roentcen Ray Society 
Secretary, Dr. E. C. Vogt, 300 Longwood Ave., Bos- 
ton, Mass. Meets monthly on third Friday, Boston 
Medical Library. 

Rapro.ocicat Society or New JERSEY 
Secretary, Dr. P. S. Avery, New Brunswick, N. J. Meets 
annually at time and place of State Medical Society. 
Mid-year meetings at place designated by the president. 

New York RoentcGEN Society 
Secretary, Dr. H. K. Taylor, 667 Madison Ave., New 
York. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 

Nortu Caro.ina RoEntTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

CenTrRAL New York RoeEnTGEN Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse. Three meetings a year—January, May, November. 

Paciric RoEntcEN Cius 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cali- 
fornia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport, 
Pa. Annual Meeting, May 20-21, 1938, Traylor Hotel, 
Allentown, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St 

PirrsBuRGH ROENTGEN SOCIETY 
Secretary, Dr. H. N. Mawhinney, Mercy Hospital. Two 
fall and two spring meetings—time and place designated 
by the president. 

RocuesterR Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Camp C. Thomas, 476 Lake Ave. Meets 
on second Thursday from October to May, inclusive, 8 
p.M., Rochester Academy of Medicine Building. 

Sr. Louis Society or Rap1o.ocists 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, March 
and May, at a place designated by the president. 

San Francisco Rapro.ocicat Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 


*Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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cisco. Meets monthly on first Monday at 7:45 P.M., 
alternately at Toland Hall and Lane Hall. 
SoutH Caroiina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina Medical Assn. 
TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg. 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 
Texas RADIOLOGICAL SoOcIETY 
Secretary Dr. G. D. Carlson, 3121 Bryan St., Dallas, 
Texas. Next regular meeting in San Antonio. 
University oF MicuiGAN DEPARTMENT OF ROENTGEN- 
oLocy STaFF MEETING 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. Meets each Monday evening from Septem- 
ber to June, at 7 p.m. at University Hospital. 
UnNIvERsITY OF WISCONSIN RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 
VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. Meets annually in October. 
CuBA 
SoclEDAD CUBANA DE RaADIOLoGIA Y FISIOTERAPIA 


Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British Empire 

British InstiruTE oF RapioLocy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

SECTION OF RADIOLOGY OF THE RoyaL OF 
MepicinE (ConFINED TO MEpIcaL MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
1, Wimpole St., Londen, W. 1. 

Section OF RaproLocy anp Mepicau E ecrriciry, Aus- 
TRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Nov. incl. forscientific discussion. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical Arts Bldg., To- 
ronto, 5, Ontario. 

SecTION ON Rapro.Locy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext., Halifax, N.S. 

Secrion, NEw ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


CONTINENTAL 

BELGIAN Society OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 

SocrEDAD EspaNoLa DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

DE RapioLocie MEpIcALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 

Socr£T£ Suisse DE (SCHWEIZERISCHE RONT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 

Secretary for German language, Dr. Scheurer, Molz- 
Biel. 


eets annually in different cities. 
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Soci£TE FRANCAISE D’'ELECTROTHERAPIE ET DE RADIOL- 
ociE MEDICALE 
Meets monthly on fourth Tuesday, except during month 
of August and September, 12 Rue de Seine, Paris. 

AssocIATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 

DeEuTSCHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Sip- unD WESTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Norb- uND OsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcu Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the fall. 

SocietTa ITALIANA Rapio.Locia MEDICA 
Secretary, M. Ponzio, University of Turin, Prof. Turin. 

SociETATEA ROMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Miaracine, 30, 
S. 1., Bucuresti, Roumania. 

Meets second Monday in every month with the ex- 
ception of July and August. 

Roentcen Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson, 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoeEnTGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o’clock, the 
place of meeting being selected by the Society. 

Po Society or RADIOLOGY 
Secretary, Dr. Jan Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw SEctTION, Society or RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime: 
Society oF MeEpicaAt RapDIoLocy In SWEDEN 
Meets in Stockholm. 

Society oF MepicaL RaproLocy 1n Norway 
Meets in Oslo. 

Society or MeEpicAL RapioLocy DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 
Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the 
State Institute of Roentgenology. 

Society oF MepIcAL RADIOLOGY IN FINLAND 

Meets in Helsingfors. 

ViENNA ROENTGEN SOCIETY 
Meets first Wednesday of each month, at 6:30 P.M. at 
Zentral-Réntgen Institut des allgemeinen Krankenhauses 


Alserstrasse 4. ORIENT 


Japan X-Ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 

Kinki RoENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto 
Japan. Meets bi-monthly on third Sunday. 


? 
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ASSOCIATION OF GERMAN ROENT- 
GENOLOGISTS AND RADIOLO- 
GISTS IN THE REPUBLIC 
OF CZECHOSLOVAKIA* 


The fifteenth meeting of the Association 
of German Roentgenologists and Radiolo- 
gists in the Republic of Czechoslovakia 
was held in Prague on November 27 and 
28, 1937. Following addresses by numerous 
government representatives and delegates 
from foreign and Czechoslavakian socie- 
ties, the president, Dr. Jaksch-Warten- 
horst, opened the meeting. He paid tribute 
to the memory of Professor Schloffer of 
Prague and Dr. Kraus of Teplitz and Dr. 
Buchsbaum of Karlsbad, who died during 
the last year. He then announced the elec- 
tion of Dr. Forssell of Stockholm, Dr. 
Freund of Vienna, Dr. Frik of Berlin, Dr. 
Kienbéck of Vienna and Dr. Palmieri of 
Bologna as honorary members and of Dr. 
Borak of Vienna and Dr. Franke of Berlin 
as corresponding members. 


The first report was given by Freund of 
Vienna, who spoke on the development of the 
treatment of infectious disease of the scalp. 
Following an interesting historical review, he 
discussed roentgen epilation which he had in- 
troduced in 1897. This method has contributed 
greatly to the eradication of this type of dis- 
ease. Weil of Prague gave a report of his ob- 
servations in the United States regarding the 
methods used in American roentgenology. 
Strauss of Vienna added some of his own ex- 
periences. 

The first diagnostic topic was myelography, 
which was discussed in great detail by Reiser of 
Prague. He touched the technical side of the 
problem, gave the anatomy of the subarachnoid 
space, the various pathological processes, such 
as tumors, adhesions, Pott’s disease, fractures 
of the spine and cartilaginous hernia as well as 
the differential diagnosis between the various 
processes. Jaroschy of Prague described the 
myelographic findings in late injuries of the 
spinal cord due to severe scoliosis. In 7 cases 
proved on operation and 3 non-operated cases a 
block was always found. Reimann of Prague 
discussed the myelographic diagnosis of angi- 


* Translated from the German by Ernst A. Pohle, M.D., Madi- 
son, Wisconsin. 
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omata of the spinal cord. Beutel of Prague 
demonstrated roentgenograms of a boy, aged 
eleven, where myelography established the di- 
agnosis of an hour-glass tumor (Gulecke). 
Strnad and Springer of Prague gave the history 
of a child who had the left kidney removed be- 
cause of an embryonal sarcoma. Five years later 
there were compression symptoms in the spinal 
cord and myelography demonstrated a local re- 
currence. Herzog of Witkowitz brought up the 
question of whether lumbar or suboccipital 
myelography should be given preference. Reiser 
of Prague prefers the injection from below be- 
cause in case of a block the upper border can be 
determined by injecting heavy iodine oils from 
above while in the other case the much less re- 
liable ascending oil has to be used. 

The second diagnostic topic dealing with the 
roentgen examination of the small intestines 
was covered by Weltz of Munich. He stressed 
the following points in interpreting the roent- 
genogram of the small intestines: (1) general 
tonus and local disturbances of tonus; (2) peri- 
stalsis. Good tonus is accompanied by strong 
peristalsis while a poor tonus is accompanied by 
weak peristalsis; (3) the filling status; it is de- 
termined by the relation between the amount of 
barium flowing in and the amount of barium 
flowing out of a certain section of the intestines; 
(4) secretion, exudation, gas; (5) mucous mem- 
brane; because of our limited knowledge of the 
normal variations in the mucous membrane re- 
lief its study is not as important for the small 
intestines as for the stomach. Fleischner of 
Vienna spoke on hyperplastic ileitis and demon- 
strated numerous roentgenograms; Bandhauer 
and Nemenyi of Prague mentioned in the dis- 
cussion one of their own cases which had been 
operated on. Giitig of Witkowitz drew attention 
to the acute, subacute and chronic phlegmon of 
the ileum. Altschul of Prague showed the roent- 
genogram of ascaris in the intestines. Herrn- 
heiser of Prague emphasized the importance of 
the review presented by Weltz because this field 
is rather new for most radiologists. 


Abdomen 


Fried of Breslau demonstrated 2 cases of vol- 
vulus of the stomach. Horejschi of Aussig re- 
ported a case with stomach-colon and jejunum- 
colon fistula. Kubat of Prague discussed the 
fistulae of the gastrointestinal tract. Steiner of 
Teplitz considered the problem of “layer deter- 
minations” as an aid in early diagnosis of car- 


= 


39, Ne. 4 


cinoma of the stomach. Herzog of Witkowitz 
reported a case of kidney carbuncle which dem- 
onstrated most strikingly how important it is to 
combine retrograde and intravenous pyelog- 
raphy. 
Thorax 

Horejschi of Aussig observed a very high per- 

centage of substernal goiter in his hospital in 


the absence of cervical struma. Kreuzfuchs of 


Vienna drew attention to his papers on this sub- 
ject. Low-Beer of Prague discussed the very 
rare clinical picture of thoracic hernia reporting 


at the same time 2 cases of his own. Strnad of 


Prague, who had seen about 200 cases of pri- 
mary carcinoma of the lung, presented a statis- 
tical analysis of approximately 130 cases. He 


described the roentgenological appearance of 


the various types of primary lung carcinoma 
following the classification by Lenk. The roent- 
genological diagnosis is verified by bronchog- 
raphy, bronchoscopy and if possible biopsy. 

Kreuzfuchs of Vienna pointed out ways and 
means to early cancer diagnosis. On a material 
of 47 cases he could prove that not only narrow 
pulmonary arteries but also diseases of that 
artery as well as bronchitis, emphysema, bron- 
chiectasis, kyphosis, kyphoscoliosis and espe- 
cially sclerosis of the pulmonary artery predis- 
pose to cancer. 


Bones 


Beutel of Prague supplemented his paper pre- 
sented two years ago regarding benign tumors 
of the orbit and discussed his studies of der- 
moids in that region. If a tumor is localized in 
the upper lateral quadrant, if the growth is 
eccentric and showssclerotic wavy sharp borders 
it is in all probability a dermoid. 

Platzer of Prague demonstrated the roent- 
genograms of a patient with suprasellar tumor 
which showed definite regression following 
roentgen therapy. The clinical history of this 
case was presented by Sittig of Prague. In this 
connection Fried of Breslau discussed the prob- 
lem of dosage in brain tumors. 

Schiller, Wlaschim and Altschul of Prague 
spoke on their experience in tuberculosis of the 
upper extremities. The same types may be 
found as observed in other jcints. Very surpris- 
ing was the high percentage of patients with 
fistula (about 50 per cent). However, the end- 
results in those were rather better than in pa- 
tients without fistula. 

Giitig and Herzog of Witkowitz discussed the 
slipping of the epiphyses in the neck of the 
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femur in adolescents. In their opinion trauma 
is not the cause but it is usually found in. pa- 
tients with constitutional anomalies. After the 
slipping of the epiphysis there may develop a 
secondary aseptic necrosis, which is very simi- 
lar to Perthes’ disease. Sometimes there appear 
also light areas and blurred bone structure, a 
picture which is similar to that of tuberculosis. 
Altschul of Prague does not believe that these 
findings can be mistaken for tuberculosis be- 
cause the roentgenological appearance is too 
different. Those cases which are similar to 
Perthes’ disease may have the following etio- 
logical connection: first slipping of the epiph- 
yses, then development of Perthes’ disease. 
Hilgenreiner of Prague pointed out the great 
similarity of the roentgenograms shown by the 
speakers with the osteochondritis described by 
him and believes that it is probable that the 
slipping of the epiphyses in the neck of the 
femur in young people may be considered as a 
third type of osteomalacic hip joint disease, in 
addition to Perthes’ disease and osteochon- 
dritis. Springer of Prague recommended nailing 
of the neck of the femur in the treatment of the 
slipping of the epiphyses and described his 
technique. Pokorny of Komotau demonstrated 
the roentgenograms of a case with fracture of 
neck-trochanter of the femur, where this condi- 
tion was followed by an infection and sub- 
sequent osteomyelitis. Giitig of Witkowitz 
recommended, therefore, to use very strict 
indications in selecting suitable cases. Pokorny 
also demonstrated a case of the rather rare 
suitable cases. Pokorny also demonstrated a 
case of the rather rare osteomyelitis of the os 
ischii. 

Samek and Léw-Beer of Prague report the 


. result of their experiments dealing with roent- 


genography by means of grenz rays. They 
showed a number of roentgenograms taken of 
various objects. Very interesting were those 
where an invisible text prepared with colorless 
potassium iodide solution became visible on the 
roentgenogram taken with grenz rays. 


Therapy 

The first subject ““Roentgen Therapy of Epi- 
lepsy” was discussed in detail by Wieser of 
Vienna. He had collected all cases published so 
far in the literature and treated by roentgen 
rays. It appeared that there were 20 per cent 
failures, 50 per cent improvements and 30 per 
cent cures. Wieser’s own material showed 10 
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per cent failures, 50 per cent improvements and 
40 per cent cures in a series of cases who were 
more than five years and many more than ten 
years under observation. In spite of these re- 
markable results, this type of treatment has not 
become very popular. It is advisable to use 
small doses in the beginning and proceed with 
caution. In the first sitting a cervical area is ex- 
posed over the medulla oblongata. Depending 
on the response the initial small dose is in- 
creased and eventually the skull areas are 
added. Sgalitzer of Vienna noted failure of the 
treatment in about one-third of his cases while 
of the remaining two-thirds 60 per cent were 
somewhat improved and 40 per cent consider- 
ably improved. His most favorable cases were 
those with hydrocephalus. Altschul of Prague 
made an attempt to treat epilepsy by irradiat- 
ing other parts of the body. He saw marked 
improvement after exposure of the adrenal re- 
gion even though the adrenals themselves were 
not irradiated. He assumes that this effect was 
due, therefore, to irradiation of the splanchnic 


nerves causing a change in the distribution of 


the blood in the body: more blood would go to 
the abdomen and relieve the brain. Kalmus and 
Loewenstein of Prague, Gutmann of Breslau 
and Freund of Vienna participated in the dis- 
cussion. 

Van der Plaats of Maastricht presented a 
review of the second therapeutic topic, irradia- 
tion at short focal skin distance. He prefers the 
name “roentgen caustic.” The chief advantage 
of his method is the marked drop of the dose 
from the skin towards the depth which makes 
it possible to apply very high surface doses. 
Skin tumors, hemangiomata, pruritus, tonsil- 
litis, tumors of the buccal cavity and lips and 
surgically exposed tumors are among the most 
suitable objects for this type of treatment. 
Frank of Vienna reported his experience with 
this method. He does not agree, however, with 
the term “‘caustic.” Palmieri of Bologna recom- 
mends the term “plesioroentgen therapy,” 
which is customary in Italy. He also mentioned 
his treatment method using scattering media 
which he considers a predecessor of the present 
irradiation at close range and which he de- 
scribed at the last meeting in Prague. The in- 
dications for this method were discussed by 
Perussia at the International Congress in Chi- 
cago. Hrabovszky of Budapest saw 102 cases 
of carcinoma of the skin and lip treated by this 
method with daily concentrated fractional 


APRIL, 1938 


doses. All responded well and became free from 


symptoms following the treatment. Schloss of 


Vienna described the so-called electro-intuba- 
tion, which he considers of equal value with 
roentgen irradiation at close range. He inserts 
small radium screens in canals produced 
by electrocoagulation. His five-year cures 
amounted to 33.5 per cent. Merio of Vienna 
outlined the “intraoperative” irradiation which 
he has developed. Schoen of Dresden compared 
the various tubes used for roentgen therapy at 
close range and discussed also the tolerance of 
the skin, which may be increased if small areas 


of the skin field remain unexposed. Franke of 


Berlin opposed the term “caustic” because it 
implies that dose, distance, time of exposure or 
field size may vary within rather wide limits. 
This is certainly not the case with the method 
developed by Chaoul as it requires great ac- 
curacy. Reisner of Stuttgart urged strict indi- 
cations in the use of the method. In closing, 
Plaats warned against the use of diagnostic 
apparatus. He still believes that the name 
“caustic” is no better nor worse than the other 
terms proposed. The most important feature 
of the method is the radical destruction of the 
tissue on the surface and, therefore, the word 
“caustic” describes it best. 

Bandhauer of Prague discussed roentgen 
therapy of tumors of the hypopharynx. Fried 
of Breslau related his experience in radium 
therapy of carcinoma of tongue and of the pal- 
ate; 50 per cent of these were free from symp- 
toms at the end of five years. Guttmann of 
Breslau saw complete disappearance of large 
inoperable carcinomata of the breast following 
fractional but not protracted irradiation. Herrn- 
heiser of Prague recommended checking the 
position of the fields of exposure by roentgenog- 
raphy in order to be sure that the diseased tis- 
sue is within the field. Plaats has used the 
fluoroscopic screen for the same purpose for 
years with satisfactory results. 

Patzold of Aussig pointed out that in establish- 
ing indications for roentgen therapy of chronic 
leukemia one should not consider the total 
number of leukocytes alone but the entire blood 
picture. Sielmann of Munich saw a patient who 
developed a seminoma following trauma. Af- 
ter protracted fractional roentgen therapy the 
primary tumor as well as the lung metastases 
decreased so much that the patient could re- 
sume work. He died eventually. however, and 
the post-mortem examination demonstrated 
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the effect of radiation therapy on the tumor 
tissue. Kalmus of Prague, Fried of Breslau, 
Reisner of Stuttgart and Herzog of Witkowitz 
brought up the question of skin tolerance. Siel- 
mann replied that the susceptibility does not 
depend so much apparently on the part of the 
body which is exposed but is governed more by 
individual variations. He found, for instance, 
that the skin of women is more sensitive to radi- 
ation than that of men. 


Technical Papers 

Fritsch of Brunn stated that in order to 
solve the problem of dosage accurately a hu- 
man body phantom should be constructed 
which would permit the study of the distribu- 
tion of the radiation energy within. It is hardly 
possible, however, to build an ideal phantom. 
Radiophysics might be able to offer a solution. 
A close cooperation of the radiophysicist and 
radiation therapist should be very helpful in 
problems of dosage. Wenk of Erlangen de- 
scribed experiments carried out in the labora- 
tories of the Siemens-Reiniger factories dealing 
with instruments measuring with sufficient ac- 
curacy the amount of high frequency energy. 
Strauss of Vienna demonstrated a new appara- 
tus for serial short time exposures of the lungs 
and heart called ‘“‘telecord,” permitting ex- 
posures at any phase of the heart action. He 
also showed a beta radiator designed by Juris 
which serves as radium standard and may be 
used directly at the ionization chamber. Zim- 
mer of Rudolstadt demonstrated a new Sie- 
mens body cavity roentgen tube with pointed 
anode. Kornalik of Kolin has continued his ex- 
periments with micro radiators. His last investi- 
gations dealt with the purin metabolism. He 


could show a stimulative effect of emanation on. 


the excretion of uric acid. Franke of Berlin 
studied the working mechanism of diaphragms 
for the suppression of secondary radiation. The 
loss of scattered radiation causes an increase 
in the exposure time and claims to the contrary 


are erroneous. 
ALTSCHUL 


UNDERGRADUATE STUDY OF RA- 
DIOLOGY AT THE UNIVERSITY 
OF OREGON, DEPARTMENT 
OF MEDICINE 


Education is continually shifting meth- 
ods, continually evolving new ideas, always 
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seeking a way to convey facts to students 
in a more complete and interesting manner. 

Educators are always seeking ideas 
which stimulate interest and thought in 
their subject. Radiology is one of the medi- 
cal specialties which touches many of our 
basic sciences: anatomy, pathology, physi- 
ology. These subjects form the foundation 
of our specialty. Yet, instruction in radiol- 
ogy is wholly neglected or forms but a small 
part of the medical curriculum, instead of 
being carried into the courses given in 
basic sciences. 

These are the thoughts that have guided 
the changes that have been made in the 
teaching of radiology at the Department 
of Medicine of the University of Oregon, 
and which are briefly outlined here. 

The first-year student is introduced to 
radiology during his study of anatomy. 
This is accomplished in a series of ten one- 
hour lectures on roentgen anatomy. During 
these lectures the normal appearance of the 
osseous structures and of the thoracic and 
abdominal viscera are explained. These dis- 
cussions are supplemented by a group of 
reductions of ‘roentgenograms of normal 
osseous structures: (illustration) normal 
chests, normal gastrointestinal tracts, and 
urograms. Students are assigned these 
groups of reproductions and must stand 
oral quizzes on their assignments. 

Each group of students is furnished one 
complete set of reductions. These sets are 
divided into three series: 


1. The skull, sinus and cervical spine. 


These reductions visualize the commonly 
used positions, but in addition, reductions 
of the positions used for the study of pe- 
trous pyramids, sphenoid sinus, ethmoid 
labyrinths, and the position necessary for 
the special study of given structures are in- 
cluded. The students make tracings of the 
reductions, labeling the sulci, eminences, 
orifices shown. 


2. The upper extremity: Dorsal spine and 
chest. 
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3. The lumbar spine, pelvis and lower ex- 
tremity, and abdominal and pelvic vis- 
cera. The same process is followed as in 
series one. 


The student then has the basis for study- 
ing roentgen changes resulting from patho- 
logical states. In addition, it has stimulated 
interest in the study of anatomy. The stu- 
dent sees the correlation of the study of 
anatomy with clinical subjects. This pro- 
cedure has been in use now for three years, 
and it seems to us that it is of definite 
value, even more so when conducted by 
both the Departments of Anatomy and 
Roentgenology than when an attempt is 
made to duplicate the work in the Depart- 
ment of Anatomy. 

Instruction in radiology is carried on in 
the second year by means of a series of lec- 
tures on pathological radiology. These dis- 
cussion are spaced to cover material under 
discussion in the Department of Pathology. 
This section is as yet not thoroughly organ- 
ized. We are attempting to give the second- 
year students in pathology explanation for 
alteration of normal roentgen shadows. 
When the Department of Pathology is 
studying inflammation we are attempting 
to show the alteration in structure as 
visualized on the roentgenograms. The 
same procedure will be carried through the 
study of tumors, cardiovascular diseases, 
and through the balance of diseases dis- 
cussed wherein the roentgen ray is of value 
in demonstrating changes. When this por- 
tion of the teaching is thoroughly built up, 
the time in the third year will be used for 
the correlation of clinical work with roent- 
genology, through systematic seminars and 
work in the roentgenoscopy of the chest, 
gastrointestinal tract, and genitourinary 
system. 

This, it seems to us, will give a fairly 
thorough knowledge of roentgenology, and 
with it a realization of the uses of consulta- 
tion with the roentgenologist. We hope 
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that it will raise the standard of roentgen 
work done by those clinicians who are 
forced to provide themselves with their 
roentgen consultation through their own 
efforts, either because of geographic or 
other handicaps. 

To summarize: The teaching of roent- 
genology under this plan will be carried on 
coincident with the student’s instruction in 
anatomy, pathology, and medicine, that 
he may acquire a firm basis for roentgen 
diagnosis and radiation therapy. 


Dorwin L. PALMER 


Department of Medicine 
University of Oregon 


ILLINOIS RADIOLOGICAL SOCIETY 


The annual business meeting of the 
Illinois Radiological Society was held on 
January 23, 1938, in Jacksonville, Illinois, 
the retiring president, Dr. Ivan Brouse 
being the host. The officers elected for the 
coming year were: President, Dr. Cesare 
Gianturco, Urbana, IIl.; Vice-President, 
Dr. Fred H. Decker, Peoria, IIl.; Secretary, 
Dr. Edmund P. Halley, Decatur, Ill. 
Meetings are held quarterly, time and 
place designated by the president. 


ERRATUM 


In the article on ‘““The Roentgenological 
Recognition of Certain Bronchomycoses 
Involving Occupational Risks” by Richard 
Fawcitt, in the January, 1938, issue of the 
Journat, the part of the sentence at the 
bottom of page 26 reading “yet post- 
mortem examination of his lungs revealed 
normal lung and not silicosis nor the red 
lung (Fig. 11 unstained) of the hematite 
iron- ore worker,” should read as follows: 

“vet post-mortem examination of his lungs 
revealed normal lung and not silicosis but 
the red lung (Fig. 11 unstained) of the 
hematite iron-ore worker.” 
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THE 1937 YEAR Book oF RapioLocy. Diag- 
nosis. Edited by Charles A. Waters, M.D., As- 
sociate in Roentgenology, Johns Hopkins 
University; Assistant Visiting Roentgenolo- 
gist, Johns Hopkins Hospital. Associate Edi- 
tor, Whitmer B. Firor, M.D., Assistant in 
Roentgenology, Johns Hopkins University; 
Assistant in Roentgenology, Johns Hopkins 
Hospital. Therapeutics. Edited by Ira I. 
Kaplan, B.Sc., M.D., Director Division of 
Cancer, Department of Hospitals, City of 
New York; Clinical Professor of Surgery, 
New York University Medical College; Di- 
rector, Radiation Therapy Department, Bel- 
levue Hospital, New York City, etc. Cloth. 
Price, $4.50. Pp. 503, with 550 illustrations. 
Chicago: The Year Book Publishers, Inc., 
1937. 

Waters, Firor and Kaplan have continued 
their enormous task of abstracting literature 
and presenting it in palatable form resulting in 
another good Year Book of Radiology. They 
speak of former fear that material for continu- 
ance of such a work would become exhausted 
but this volume combines with its predecessors 
to allay such apprehension. Naturally, not 
every subject is completely new but all have 
an element of new investigation, new points of 
view, new evaluation of results. For example, 
a ten-year report of 700 cases of chronic cough 
in children treated by roentgen therapy gives 
us a measure by which to judge our results and 
make prognoses. A study of sterilization in 
breast carcinoma based on an analysis of 
3,500 cases at the Mayo Clinic is worth careful 
attention, no matter what one’s ideas on the 
subject may be or how many cases he may 
have treated in his own practice. Comparison 
of radium and high voltage therapy still oc- 
cupies a central position in discussion of radia- 
tion therapeutics because the choice is being 
made daily in many clinics and yet is not 
always an easy one. 

Mammography by introducing thorotrast 
through the nipple is one of the newer methods 
of procedure, and in comment Waters suggests 
that the eustachian tube is about the only body 
cavity not yet visualized by contrast methods. 


for the courtesy of the sender. Selections will be made for review in the interests of our readers as space permits. 


In view of the widespread publicity given to 
this statement through this volume it would 
not be surprising to find that more than one 
roentgenologist had accepted the suggestion 
and devised a method of demonstrating this 
canal and justification for its use. 

Merely looking through the book and read- 
ing the legends of the illustrations provides 
worth while and absorbing material for hours 
of study. Congenital dislocation of the radius, 
nailing of fracture of the femoral neck, epi- 
physeal coxa anteverta, skeletal changes fol- 
lowing administration of bismuth, arthritis 
psoriatica, essential progressive osteolysis of 
hand, parosteal and para-articular new bone 
formation in nervous system diseases, are a few 
subjects gleaned from only the first fifty pages 
of the text and cover but a portion of the sec- 
tion devoted to the osseous system. All the di- 
visions of roentgenologic diagnosis—glandu- 
lar, respiratory, genitourinary, gastrointestinal, 
and others, are covered as well and with as 
much interest, but space will not permit a 
more complete description. As in former vol- 
umes Kaplan has reviewed articles on biology 
and physics as well as on therapy of infections 
and neoplasms of various anatomic divisions of 
the body. 

The editorial comments are a_ valuable 
though small part of the text. If space permit- 
ted, more frequent and more extended com- 
ments by the editors would be welcome as 
many readers need the steadying influence of 
their judgment, and their criticisms are inter- 
esting and timely. It is with great satisfaction 
that this Year Book is placed with its predeces- 


sors in our library. 


Dan VENTRIKULOGRAMM. I. Teil. Die Seiten- 
ventrikel. (4cta radiol., Suppl. xxv.) Von 
Erik Lysholm, Dozent fiir Medizin. Radio- 
logie; Bertil Ebenius und Hans Sahlstedt, 
Assistenten am _ Ro6ntgeninstitut. Paper. 
Price, Swed. cr. 15. Pp. 199, with 284 illus- 
trations. Stockholm: P. A. Norstedt & Séner, 
1937: 

This monograph is one of a series on ventric- 
ulography prepared by Erik Lysholm and his 


651 


VoL. 90, No: 4 

i 


652 


coworkers in the Roentgen Institute of Profes- 
sor G. Forssell. The surgical operations were 
carried out by Professor H. Olivecrona, the 
distinguished Swedish neurosurgeon. A work 
accomplished under such auspices may well 
command interest and study. This volume 
deals with 398 cases of tumors involving prin- 
cipally the lateral ventricles and arising from 
the cerebral hemispheres or their meninges. On 
the great majority of the cases, air was used 
for the ventriculographic studies, though in a 
few of the earlier cases lipiodol was used. The 
cases have been grouped according to the 
roentgenological findings as follows: 


A. Tumors involving the convex surfaces of 
the lateral ventricles, i.e., the parasagittal and 
lateral aspects of the cerebrum. 

B. Basal tumors including those involving 
the temporal horns. 

c. Central tumors arising from the region of 
the corpus striatum and thalamus. 

p. Intraventricular tumors. 

E. Tumors arising from the septum pelluci- 
dum and corpus callosum. 


About one-third of the tumors were found to 
be meningiomas, and over one-half were glio- 
mas of different kinds, with the glioblastoma 
predominating. No close correlation was ap- 
parent between the type and location of the 
tumor. 

It is sometimes difficult to distinguish the 
defect produced by a tumor itself growing into 
some part of the ventricular system from that 
due to compression of a tumor lying outside the 
ventricular system. However, in almost all 
supratentorial tumors there is a lateral displace- 
ment of the ventricular system as a whole. 
This is more marked when the tumor lies an- 
teriorly because of the greater resistance of- 
fered by the falx and tentorium to the pressure 
of tumors lying posteriorly. The more oblique 
the position of the septum and the less the 
base of the third ventricle is displaced, the 
more the tumor approaches a parasagittal posi- 
tion. Basal and temporal tumors produce par- 
ticularly a pressure deformity at the base of 
the third ventricle. Tumors about the sella 
turcica generally deform the anterior and in- 
ferior portion of the third ventricle. A ventral 
displacement of the posterior horn and trigo- 
num indicates a tumor of the occipital lobe and 
there may also be a displacement of the post- 
erior part of the temporal horn. If the latter 
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occurs without marked displacement of the 
posterior horns, an expanding lesion in the 
posterior inferior portion of the temporal lobe 
is indicated. A separation of the lateral ven- 
tricles is characteristic of tumors of the septum 
pellucidum and corpus callosum. In the latter, 
the separation is greater superiorly while in the 
former the ventricles remain parallel. 

A projection which the author finds particu- 
larly valuable is one with the ray directed 
from the frontoparietal region toward the base 
of the skull and this he calls the half axial 
view. It is helpful in separating and giving 
greater detail of the posterior and temporal 
horns when viewed in a sagittal direction. 

The ventriculogram may give indications as 
to the type of tumor. Meningiomas usually do 
not produce dilatation of the ventricles. Glio- 
mas are generally associated with dilatation of 
the ventricle on the opposite side. This distinc- 
tion, while having some basis in fact for the 
two groups as a whole, is not reliable for the 
individual case. More valuable are changes in 
the bone and vascular markings on the inner 
table of the skull and the type of calcification, if 
any, within the tumor. 

With general observations of this sort as an 
introduction, the greater part of the book is de- 
voted to a description of individual cases with 
the outstanding clinical findings together with 
illustrations and an analysis of the ventriculo- 
grams characteristic of the different tumor 
sites. There are over eighty case reports and 
almost three hundred illustrations. 


A. Evans, Jr. 


Die HirNKAMMERFORMEN BEI HIRNTUMOREN. 
(Fortschr. a. d. Geb. d. Réntgenstrahlen, Er- 
ganzungsband 52.) Von Dr. Otto Dyes, Do- 
zent fir Réntgenheilkunde, Pa- 
per, price M. 16; bound, M. 18. Pp. 79, with 
105 illustrations. Leipzig: Georg Thieme, 
1937- 


The material for this report is drawn from 
the Department of Roentgenology in the Uni- 
versity Clinic at Wurzburg. The neurosurgical 
work was carried out by Professor W. Ténnis, 
who is one of the pupils of the Swedish neuro- 
surgeon, Olivecrona. The monograph offers a 
complete survey of the subject. Chapters are 
devoted to the various techniques of introduc- 
ing air into the ventricular system, and to a 
description of the normal findings and possible 
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normal variations in various projections. In a 
few instances, lipiodol was used and this gives 
in great detail the region of the third and fourth 
ventricles. However, this is no longer being used, 
not so much because of any difficulties follow- 
ing its use in the author’s clinic as from the 
reports in the literature of serious consequences 
encountered elsewhere. 

The pathological findings are divided into 
those cases showing symmetrical ventriculo- 
grams and those where the ventriculogram is 
asymmetrical. In the former group are tumors 
involving the foramen of Magendie, the mid- 
cerebellum, the pons, and regions of the third 
and fourth ventricles as well as tumors involv- 
ing the septum pellucidum and corpus callo- 
sum. The lesions producing asymmetrical ven- 
triculograms are discussed under tumors of the 
frontal lobe, tumors involving the sagittal, 
parasigittal, lateral, and basal portions of the 
other cerebral lobes, as well as tumors of the 
basal ganglia, the lateral cerebellar hemispheres 
and intraventricular and cystic tumors. A 
wealth of diagrams and fine reproductions of 
ventriculograms illustrates the various types 
of lesions in a clear and self-evident manner. 
A final section is concerned with the factors 
leading to an early diagnosis of brain tumors. 
The recognition of tumors depends not only 
on their size and position, but also on their 
character and rapidity of growth. While oc- 
cassionally brain tumors are found in the pres- 
ence of normal ventriculograms, much more 
frequently the ventriculogram gives the only 
definite evidence of a tumor and thus is a valu- 
able procedure in the early diagnosis. A lengthy 
bibliography with references to the important 
German, French, English, Swedish, and Ameri- 
can works would indicate that the author’s 
observations had been well controlled by com- 
prehensive reading. 


WituiaM A. Evans, Jr. 


ARTIFICIAL FEVER PropucCED BY PHYSICAL 
Means: Irs DEVELOPMENT AND AppPLica- 
TIoN. By Clarence A. Neymann, A.B., M.D., 
F.R.S.M., Associate Professor of Psychiatry, 
Northwestern University Medical School; 
Honorary Professor of Medicine, National 
University of Mexico, etc. Cloth. Price, 
$6.00. Pp. 294, with 68 illustrations. Spring- 
field, Illinois: Charles C Thomas, 1938. 


Artificial fever has been the subject of con- 
siderable interest and discussion during the past 
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ten years. Controversy and dissension have 
been rife concerning not only the benefits to be 
derived from this form of therapy but also the 
methods of its production. For the first time a 
sound and comprehensive discussion of the 
entire subject is now available within the 
covers of one book. 

The first half of the book is devoted to gen- 
eral considerations of the subject, the theory 
of fever therapy and the rationale of its use, 
the history of its development, the physiology 
of hyperpyrexia, the technique of its admini- 
stration and a description of types of apparatus 
which have been and are now in use. The last 
half of the book includes a description of the 
diseases which have been treated, the varia- 
tions in the treatment of different diseases 
and the results which have been observed. The 
general scope and plan of the book are excellent; 
it is well documented with frequent references 
to a large bibliography. Graphs, tables and il- 
lustrations vividly demonstrate many points 
in the text. 

Certain criticisms are worthy of note. The 
value of this book would have been greatly en- 
hanced by a discussion of the opinions of other 
authorities concerning controversial subjects. 
This is particularly true regarding the length 
of fever sessions. Neymann recommends fever 
sustained for eight hours for asthma, tabes dor- 
salis, multiple sclerosis, chorea and chronic 
arthritis, and five to eleven hours for dementia 
paralytica whereas five-hour treatments are 
used in many other clinics. 

When it is recalled that the entire treatment 
period is two to three hours longer than this, al- 
lowing one to two hours to attain the desired 
fever and one hour for recovery, it is apparent 
that such prolonged periods may become a tire- 
some ordeal. Such long treatments are depress- 
ing to patients with chronic disease. The ad- 
ditional benefits to be derived from prolonging 
the treatment are not commensurate with the 
debilitating effect. 

In gonorrhea, on the other hand, the author 
recommends treatments of five to six hours 
compared to those of seven to ten hours used 
routinely in other clinics. In this disease, affect- 
ing chiefly young and robust individuals, there 
is definite indication to prolong treatments to 
the limit of patient tolerance. 

Neymann recommends fevers of 103.5° F. 
to 106° F. for dementia paralytica, 103.5° F. 
to 105° F. for chorea and eight hours of fever 
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above 103.5° F., including two hours above 
105.8° F., for tabes dorsalis. It would seem 
more desirable to maintain a definite level of 
fever at the higher of these limits, even for a 
shorter period of time. 

The author is extremely enthusiastic about 
the results of artificial fever in general. This 
enthusiasm is justified in the case of syphilitic 
and gonococcic disease but he has exaggerated 
the benefits obtained in multiple sclerosis, 
asthma and arthritis. Despite the glowing ac- 
counts he has cited from the literature, the re- 
sults have been disappointing in the experience 
of many observers. Certainly there is no justi- 
fication for his statement that “it is probable 
that the virus (of atrophic arthritis) is promptly 
destroyed by rather low body temperatures 
ranging near 40° C (104 °F).” Patients afflicted 
with this disease often receive partial and 
temporary symptomatic relief from artificial 
fever but are not cured. 

The book has not been improved by a too 
generous use of the first person singular and 
by a little too much emphasis upon the exer- 
tions and the contributions of the author in 
the field of artificial fever; he seems unduly ap- 
prehensive that they may not be fully appreci- 
ated. 

Despite these minor criticisms, Neymann has 
written an excellent survey of the subject of 
artificial fever which is recommended to every- 
one interested in this field. 


Rosert M. STECHER 


Fever THERAPY. ABSTRACTS AND Discus- 
SIONS OF PAPERS PRESENTED AT THE FIRST 
INTERNATIONAL CONFERENCE ON FEVER 
Tuerapy. College of Physicians and Sur- 
geons, Columbia University, New York City, 
March 29, 30, 31, 1937. Edited by the Mem- 
bers of the American Committee. Cloth. 
Price, $5.00. Pp. 486. New York: Paul B. 
Hoeber, Inc., Harper & Brothers, 1937. 


As the title indicates, this book contains the 
abstracts of about eighty scientific papers pre- 
sented at the Conference as well as messages 
which were received at the meeting. 

The First International Fever Conference 
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held in New York last March attracted visitors 
from all parts of the world and was attended 
by official delegates sent by the Ministries of 
Health of over a dozen foreign countries. The 
session opened with messages from President 
Roosevelt, Professor Julius Wagnher-Jauregg of 
Vienna, Honorary Chairman of the First In- 
ternational Conference on Fever Therapy. 
Professor A. D’Arsonval, Paris, Honorary 
President of the French Committee of the 
First International Conference on Fever Ther- 
apy and Baron Henri de-Rothschild, Paris, 
Chairman of the International Committee cf 
the First International Conference on Fever 
Therapy. The abstracts are presented in Eng- 
lish, French and German. 

Study of this book gives the reader a general 
idea of the interest which this form of therapy 
has aroused in various parts of the world and 
of the type of investigations pursued in regard 
to it. There seems to be a surprising uniformity 
of opinion concerning the fundamental con- 
ceptions of fever therapy. There is variation 
rather than disagreement as to the methods of 
producing fever and the indications for its use. 
The results reported in the treatment of gonor- 
rhea and syphilis were highly satisfactory. 
When sufficiently high fevers are maintained 
for long enough periods, fever therapy can 
justly be considered a cure for gonorrhea. For 
syphilis, fever therapy is a valuable adjunct 
but should be supplemented by chemotherapy. 
The treatment of numerous other diseases is 
discussed. 

The section on physiology and pathology is 
particularly interesting. There are discussions 
of such subjects as acid-base balance, chloride 
levels, blood volume changes and cellular re- 
actions to fever therapy. 

Such studies are of great importance. Infor- 
mation obtained from them help to explain 
some of the disagreeable or dangerous reactions 
which may occur and make it possible to em- 
ploy logical measures to prevent them. 

The book gives an excellent summary of 
present-day opinion of fever therapy. Being in 
abstract form, evidence for these opinions is 
pretty largely lacking. 

Rosert M. SreEcHER 
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A REINFORCEMENT FOR FILM MARKERS 


By EDWIN P. BUGBEEF, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ILM markers, like that shown in Fig- 
ure I, are usually made of thin sheet 
aluminum with the edges bent over to form 
a pocket into which may be slipped lead 
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Fic. 1. Roentgenogram of reinforced film marker. 


figures mounted on celluloid. Our method 
of using them has been to attach the film 
marker to the cassette by means of ad- 
hesive tape. In subsequently removing the 
adhesive tape the thin aluminum was 
easily bent. After repeated bendings the 
lead letters forming the name of the hos- 
pital became detached. Further bendings 
caused the aluminum to break and made 
the marker unserviceable. In order to over- 


Fic. 2. Film marker with bracket-shaped slots cut, tabs not turned back. 


Fic. 3. Reinforcement with slots cut. 
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come this difficulty we have devised a 
simple method of attaching a thick strip 
of aluminum to the film marker so that it 
is not easily bent when the adhesive tape 
is pulled off. 

The overall dimensions of the film 
marker are 4”X7/8". A strip this size is 
cut, with a hacksaw, from sheet aluminum, 
No. 18 B.&S. gauge, which is 0.040” 
(1 mm.) thick. A center line is laid off along 
the length of the strip of aluminum and 
then four holes are drilled (No. 50 drill) 
to admit a slender jewelers’ saw for the 
purpose of cutting four slots, each 5/16” 
long and located as shown in Figure 3. 

A center line is then laid off lengthwise 
of the film marker and four holes are drilled 
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to admit the jewelers’ saw for the purpose 
of cutting bracket-shaped slots in the back 
of the film marker in the locations shown 
in Figure 2. Tabs are bent back from the 
bracket-shaped slots. The reinforcing strip 
is applied to the film marker with the tabs 
of the latter passing through the slots in 
the former. These tabs are then bent over 
thus fastening the two parts together se- 
curely. 

Such reinforced film markers have been 
in use in our hospital for some time and 
have not been injured by constant han- 
dling. The additional opacity of the 1 mm. 
of aluminum seems to make no appreciable 
difference in the legibility of the figures in 
the serial numbers marked on the films. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
SKELETAL 


Hirscu, I. Seru. Generalized osteochondrodys- 
trophy; the eccentrochondroplastic form. 
F. Bone Foint Surg., 1937, 79, 297-313. 
Hirsch states that it is apparent to anyone 

who grapples with the problems of diagnosis 
that a great need exists for a systematic group- 
ing or classification of the various chondro- 
dystrophies and osteochondrodystrophies. He 
quotes Jaffe’s classification into two main 
groups: (A) the localized and (B) the general- 
ized. The localized are neither congenital nor 
hereditary; furthermore, their onset is pre- 
ceded by apparently normal development of 
the region or regions which subsequently be- 
come affected. On the other hand, the general- 
ized osteochondrodystrophies are hereditary, 
and clearly show a predilection for certain 
families. They begin to make their appearance 
very early in life and may even be congenital. 


(A) Localized osteochondrodystrophy: 
1. limited to one epiphysis as Legg- 
Perthes’ disease of the capital femoral 
epiphysis 
2. limited to one epiphysoid bone as 
Kohler’s disease of the tarsal scaphoid 
3. limited to a few epiphyses or epi- 
physoid bones. 
a. involvement of both capital fe- 
moral epiphyses 
b. involvement of more than one ver- 
tebral center, or 
c. involvement of one or more epi- 
physes together with one or more 
epiphysoid bones. 
Generalized osteochondrodystrophy 
1. leading to dwarfism because of failure 
of growth of cartilages (achondroplasia) 
2. leading to the appearance of osteo- 
chondromata at the metaphyses, with 
distortion of the growth region of the 
bone (dyschondroplasia) 
3. associated with irregular develop- 
ment of epiphyses and epiphysoid struc- 
tures (eccentrochondroplasia). 


(B) 


By the adjective “‘eccentro,” Jaffe refers to 
the fact that the epiphysis or epiphysoid bone 


in eccentrochondroplasia does not develop from 
a central nucleus of ossification, but from the 
multiple centers of ossification so clearly shown 
in the roentgenograms. Thus, the term ‘‘eccen- 
trochondroplasia” has been coined not to add 
to the already overburdened nomenclature, but 
to make clear the distinction between achon- 
droplasia, dyschondroplasia, and the third 
form of generalized osteochondrodystrophy, 
which is a separate entity and not a “forme 
fruste’”’ of either or both of the others. However, 
in regard to the generalized osteochondrodys- 
trophies, it must be recognized that mixed 
forms (wrongly classified as “‘formes frustes’’) 
occur, as for instance when the bones of an 
upper extremity show both achondroplastic 
and dyschondroplastic features. In this class 
Hirsch places the cases reported by Silver- 
skidld, Morquio, Ruggles, Meyer and Brenne- 
mann, Barnett, Davis and Currier and others. 

In this article, Hirsch describes very fully 
the clinical characteristics and the roentgeno- 
graphic appearance of the bones in one family, 
the mother and 4 of the 6 children being af- 
fected and in a second family, 2 of 5 children 
showing typical changes of the disease. This 
form of osteochondrodystrophy apparently 
goes through several stages, a latent, a florid 
and a stage of healing with consequent deform- 
ity. It is definitely a hereditary familial affec- 
tion; the affected individuals have a definite 
physical habitus; the blood of the patient is 
in no way abnormal]; the disease has no relation 
to syphilis and the changes in the bones are 
characteristic. 

The characteristic roentgenographic feature 
of the disease is the peculiar disturbance of 
epiphyseal ossification associated with a mal- 
acia, which produces a definite deformity in the 
size and shape of the bones, particularly in the 
articulating ends. The changes in individual 
bones are described in great detail and the 
article is profusely illustrated with roentgeno- 
grams of all stages of the disease.—R. S. 
Bromer. 


TutunjIAN, KHaAcHER H., and KEGERREIS, 
Roy. Myositis ossificans progressiva. ¥ Bone 
& Foint Surg., April, 1937; 79, 503-510. 
The authors report a case of myositis ossifi- 
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cans progressiva which is interesting because 
of extensive pathological changes throughout 
the skeletal and muscular systems of the body, 
not excluding the lower extremities. 


The pa- 


tient was first seen at twenty-three years of 


age although the usual span of life in these 
cases is from ten to fifteen years. This patient 
had a congenital absence of the interphalangeal 
joints in both great toes, which suggests a con- 
genital origin of the disease. The date of onset 
could not be determined exactly from the his- 
tory of the patient. Records, including roent- 
genograms, were available for study in this 
patient for a period of over ten years, and 
demonstrate the chronological progression of 
the disease in the musculature. Chemical 
studies threw no light on the pathological 
physiology of the disease. 

This is apparently the first case in which 
beryllium carbonate was used on a human sub- 
ject. The results, the authors report, are at 
present disappointing. They are hopeful, how- 
ever, that favorable results may be obtained in 
human beings if the subjects are available prior 
to the full development of the osseous system, 
at a period comparable to the stage in which 
this chemical was effective in producing osteo- 
malacia in young rats.—R. S. Bromer. 


FLEMING, Bruce L., Rapascn, H. E., and 
THomas. Osteogenesis imperfecta. 
F. Bone & Foint Surg., 1937, 79, 725-733. 
The author’s investigations of a patient with 

osteogenesis imperfecta revealed deranged pri- 

mary and secondary phosphorus metabolism. 

Absorption and retention of phosphorus were 

below normal. The blood-serum phosphorus 

was low and the product of serum calcium and 
phosphorus values was below normal. 

A tooth was extracted and was found defec- 
tive in development, particularly the dentin 
and the cementum, both of mesodermal origin. 
The enamel, of ectodermal origin, 
than normal and the “brown striae” and the 
“lines of Schreger” were absent. The gastric 
secretion contained no free hydrochloric acid 
and low total-acid values. This was probably a 
factor in the poor absorption of phosphorus. 

The mother of the patient was found to have 
hyperthyroidism which was probably an etio- 
logical factor in the abnormal bone develop- 


was softer 


ment and in the abnormal gastric secretion of 


the child. 


The administration of dilute hydrochloric 
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acid and a high-protein diet, to provide phos- 
phorus, and cod-liver oil, for its effect on 
secondary metabolism of calcium and _phos- 
phorus, resulted in better digestion of food, a 
normal product of serum, calcium, and phos- 
phorus values, and clinical and roentgeno- 
graphic evidences of improvement.—R. S. 
Bromer. 


MircueE.t, C, and Crawrorpb, ROBERT 
R. Serum phosphatase—its clinical applica- 
tion in diseases of bone. ¥. Bone & Foint 
Surg., July, 1937, 79, 630-639. 

Authors’ summary: 

In reviewing the relation of serum-phos- 
phatase activity to the more common diseases 
of bone, it has been found, in general, that 
there is an increase in serum-phosphatase ac- 
tivity accompanying the formation of unusual 
amounts of new or abnormal bone. There ap- 
pears to be little or no increase associated with 
the purely destructive lesions of bone. 

Determinations of serum-phosphatase are 
an important aid in the diagnosis and differen- 
tial diagnosis of Paget’s disease, osteitis fibrosa 
cystica, and tumors of bone. 

3. The levels of serum-phosphatase activity 
cannot be used as an index of healing or of 
ability of a fracture to heal. 

4. No significant changes in serum-phospha- 
tase activity were noted in cases of bone and 
joint tuberculosis and of osteomyelitis. 

5. Serial phosphatase determinations are 
suggested as a criterion of effective therapy in 
Paget’s disease, hyperparathyroidism, osteo- 
blastic osteogenic sarcoma and rickets. 

In their discussion, the authors state that in 
Paget’s disease with multiple bone involvement 
it has been shown that the serum-phosphatase 
may rise to twenty or more times the normal 
figure. In hyperparathyroidism, the average 
serum-phosphatase level is lower than that seen 
in Paget’s disease. In bone tumors such as the 
osteoblastic type of osteogenic sarcoma, the 
phosphatase is elevated but with surgical re- 
moval of the tumor mass, a rapid fall of serum 
phosphatase to normal has occurred, but only 
to rise again with the recurrence of the tumor 

mass. No rise in the serum- phosphatase has 
been reported by some writers in cases of mul- 
tiple myeloma and certain cases of metastatic 
carcinoma. Others have held that the bone- 
forming characteristics of a tumor are of more 
importance than its malignancy in determining 


. 
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whether its presence will give rise to an ele- 
vated serum-phosphatase. Thus a high level 
has been found in the osteoblastic type of meta- 
static carcinoma and little or no elevation in 
the osteolytic types.—R. S. Bromer. 


McCuvre, Roy D. Hypoparathyroidism fol- 
lowing operation for hyperparathyroidism 
due to adenoma tolerance for parathyroid 
extract. Arch. Surg., Nov., 1936, 37, 808-824. 


A case of hypoparathyroidism following re- 
moval of a parathyroid adenoma, when the use 
of calcium salts, vitamin D and parathyroid 
extract and transplantation of parathyroid tis- 
sue failed, is reported. 

Parathyroid extract loses its influence when 
vitamin D is not present. A vitamin D prepara- 
tion which could be administered either intra- 
venously or subcutaneously would probably be 
of great value in cases of hypoparathyroidism 
complicated by extreme nausea and vomiting. 

Postoperative hypothyroidism should be a 
preventable condition. Stage operations for hy- 
perparathyroidism should be considered. 

Osteoporosis in hyperparathyroidism is an 
early stage of osteitis fibrosa cystica.—L. H. 
Osmond. 


Snure, Henry, and Maner, Georce D. 
Roentgen-ray evidence of metastatic malig- 
nancy in bone. Radiology, Feb., 1937, 28, 
172-177. 

A study of bone metastasis was made and 
the conclusion is drawn that the reason such a 
large percentage of vertebral metastases are 
not recognized on the roentgenogram is because 
the cortical bone is responsible for most of the 
detail shown on the film. They show that the 
spongy portion of bone may be completely 
destroyed and still give no evidence upon a 
film. They recommend removing a wedge from 
the vertebral column in all patients dying of 
malignant disease.—¥. H. Harris. 


BLOOD AND LYMPH SYSTEM 


VeaL, J. Ross, and McCorp, Wittiam M. 
Congenital abnormal arteriovenous anasto- 
moses of the extremities, with special refer- 
ence to diagnosis by arteriography and by 
the oxygen saturation test. Arch. Surg., Nov., 
1936, 33, 848-866. 

Seven cases of congenital abnormal arterio- 
venous anastomoses are reported. 
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The congenital type, which has a true em- 
bryologic origin, on the basis of the derivation 
of each side of the vascular tree from a common 
bed, most often has multiple communications, 
in contrast to the usual single communication 
of the acquired type. 

Such abnormal communications should be 
suspected in all cases of varicosities, particu- 
larly of the unilateral type, which appear early 
in life and in unusual locations. They should 
also be suspected in cases of chronic ulcers of 
the leg in young subjects without obvious 
cause, in cases of hemihypertrophy and in cases 
in which there are trophic disturbances of the 
extremity of obscure etiology. 

The oxygen saturation test is an exceedingly 
useful diagnostic measure, the value of which is 
enhanced by the study of specimens of blood 
withdrawn between tourniquets, as suggested in 
this paper, which definitely locates the anasto- 
mosis by permitting the maximal concentration 
of arterial blood in the superficial veins. 

The value of arteriography should also be 
emphasized, for there is no other method of 
demonstrating the exact site, type, number, 
size and distribution of the abnormal anasto- 
moses. By the use of arteriography it is possible 
to determine which patients should be treated 
by surgical measures, which can safely be 
treated by the injection of sclerosing sub- 
stances, if the Perthes test demonstrates the 
adequacy of the deep circulation, and which 
must be left untreated unless and until ampu- 
tation proves necessary. 

A possible classification of abnormal anasto- 
moses is suggested on the basis of the arterio- 
graphic findings in these few cases.—L. H. 
Osmond. 


Yater, Wattace M. Demonstration of a rup- 
tured popliteal aneurysm by thorium dioxide 
arteriography. South. M. F., Oct., 1936, 29, 
973-976. 

The author reports a case of ruptured pop- 
liteal aneurysm, demonstrated roentgenologi- 
cally by simple arterial and venous punctures 
and the injection of thorium dioxide sol. Ap- 


parently this is the first recorded case so dem- 
onstrated.—_W. R. Brooksher. 


FREUND, Ernst. Diffuse genuine phlebectasia. 
Arch. Surg., July, 1936, 33, 113-121. 


Genuine diffuse phlebectasia is a slowly pro- 
gressive enlargement of all the veins in a 
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smaller or larger region of the venous system 
of a unilateral upper or lower extremity. It is 
probably on a congenital basis and is first noted 
in the first or second decades of life. The lesion 
is progressive and if left alone will sooner or 
later lead to serious complications. 

Roentgenograms of several of the cases 
showed numerous phleboliths in the ectotic 
veins. 

In 4 of the 15 cases previously reported in 
the literature, radical excision and ligation of 
the enlarged veins was performed with ques- 
tionable results. Recurrence seems to be the 
rule. Amputation was performed with fatal 
outcome in one case. The case reported by the 
author was given roentgen treatment. The 
swelling of the shoulder was reduced, but the 
period of observation was too short to warrant 
any judgment of this form of treatment. 
L. H. Osmond. 


ROENTGEN AND RADIUM THERAPY 


GILLIARD, ANDRE, Beitrag zur Strahlentherapie 
der Seminome. (Radiotherapy of seminoma.) 
Strahlentherapie, 1935, 52, 226-241. 


Seminomata originate from the incompletely 
differentiated spermatozoa at the periphery of 
the seminal duct. They may occur in women 
also as the primitive sex cells in the two sexes 
are undifferentiated. They are nodular tumors 
made up of round or polyhedral cells. The 
stroma contains a large number of lymphoid 
cells. The tumors are very vascular and the 
vessels often break down, causing hemorrhages 
inside the tumor. The consistency depends on 
the relative amount of stroma and necrotic or 
hemorrhagic parts. 

The dissemination of seminomata is limited 
by the lymphatic glands and the first line of 
defense is the glands of the aortic group, so that 
roentgen treatment for prophylactic purposes 
must always be directed to this group. 

Seventeen cases of seminoma have been 
treated at the Cantonal Hospital of Lausanne 
in the past ten years, either by roentgen ther- 
apy or a combination of surgery and roentgen 
therapy. Béclére was the first in 1905 to treat 
an abdominal metastasis of a seminoma with 
roentgen rays. The patient was kept alive for 
fourteen months, which was considered an 
astonishingly good result. 

The immediate results in the author’s cases 
were good but in all of the men except two 
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there was recurrence. The 2 patients with sem- 
inomata of the ovary are alive and free of 
symptoms after ten and three years. The his- 
tories of these 2 women and the 2 surviving 
men are given. The reason for the better results 
in these 2 male cases is not known. The patients 
were fifty-seven and sixty-nine years old and 
possibly the age may have had something to do 
with it, there being a reversion of the secondary 
sexual characteristics to more nearly the female 
type. In one case ovarian extract has been 
given in combination with roentgen treatment 
of a male seminoma but the time has not yet 
been long enough to pass judgment on the value 
of this method.—Audrey G. Morgan. 


ScHROEDER, Cart. Uber unsere Ergebnisse bei 
der Behandlung des Ovarialkarzinoms. (Our 
results in the treatment of carcinoma of the 
ovary.) Strahlentherapte, 1934, 51, 465-476. 


The author reports 56 cases of carcinoma of 
the ovary, definitely demonstrated histologi- 
cally to be primary, treated from 1923 to 1929 
at the Wurzburg Clinic. The figure for absolute 
cure was 32.1 per cent. Arranged by groups the 
cure in the group in which exploratory laparot- 
omy was performed and irradiation given 
afterward was g per cent, in the incompletely 
operated and irradiated afterward 25 per cent, 
in the completely operated and irradiated after- 
ward 60 per cent. 

The results of radiotherapy in carcinoma ot 
the uterus must be considered satisfactory be- 
cause on an average 20 per cent of the incom- 
pletely operated patients who would certainly 
have died soon otherwise are alive after more 
than five years and apparently permanently 
cured. The author believes, as do most roent- 
genologists, that even after complete removal 
of the ovarian carcinoma pcstoperative irradia- 
tion should be given for prophylactic purposes. 

On the basis of his own experience, he advo- 
cates a supplementary intrauterine dose of 
radium; therefore in operating the importance 
of the uterus as a carrier of radium should be 
considered. Four patients with very advanced 
carcinoma of the ovary were cured, which leads 
the author to believe, unlike Wintz, that no 
cancer of the ovary is too advanced for an at- 
tempt at cure to be made with radiotherapy. 

The primary mortality in his cases was 2.7 
per cent. This leads him to believe that the 
operation should be as conservative as possible. 
—Audrey G. Morgan. 
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Haviasek, Lupvixk. Die Kombination der 
Strahlentherapie mit Chemotherapie der 
Uteruskarzinome. (Combination of radio- 
therapy with chemotherapy of carcinoma of 
the uterus.) Strahlentherapie, 1935, 
246. 


52, 242- 


The author describes a combination of ra- 
dium and roentgen treatment of carcinoma of 
the uterus with chemotherapy, the preparation 
used being a combination of sodium hyposul- 
phite with different heavy metals, copper, 
selenium and lead. Sodium sulphite has a reduc- 
ing action and detoxicates the disintegrated 
products of the tumor; it is therefore a good 
vehicle for the metal ions. The hyposulphite 
deposits the metal ions directly in the tumor 
masses without injuring the tissues or the 
blood. This product is put up under the name 
of devenan—either lead, copper or selenium- 
devenan. 

The tumors are first treated with radium and 
then the devenan injected around the tumor 
and far into the parametria and the paravaginal 
tissues. Twenty to 60 cc. of the solution is in- 
jected, so that 24~72 mg. lead, 40 to 120 mg. 
copper or 4-6 mg. selenium is deposited. The 
lead devenan proved best. This sensitizes the 
carcinoma cells to the roentgen treatment 
which is given afterward. Intravenous injec- 
tions of the devenan are also given before treat- 
ment, during the radium treatment and just 
before the roentgen treatment. In order to 
avoid intoxication a different metal is used for 
the intravenous injections and for the injec- 
tions around the tumor. 

The author has treated 67 women in this 
way. Absolute figures for cure cannot be given 
as the treatment has only been in use since 
1932. Of two women with carcinoma of the 
uterus of the first degree one lived fifteen 
months with good local healing, the other died 
of embolism of the pulmonary artery. Of 9g 
with carcinoma of the second degree 7 lived four 
to twenty-seven months with good local heal- 
ing and 2 did not reappear for examination. Of 
22 with carcinoma of the third degree 14 lived 
three to twenty-seven months with good heal- 
ing, 2 lived for seven to ten months with in- 
complete healing, 2 are healing, 3 did not come 
back for examination, 1 died of sepsis on the 
third day after treatment. Of 20 women with 
carcinoma of the fourth degree 4 lived three to 
twenty-seven months with good healing, 3 for 
four to nineteen months with incomplete heal- 
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ing, 2 are in process of healing, 6 did not come 
back for examination and 5 died, 2 of them 
from diffuse peritonitis from the carcinoma and 
3 of cancer cachexia. 

Among 11 women with primary inoperable 
cancer of the vagina 3 lived four to 7 months 
with good healing, 3 for nine months with in- 
complete healing, 1 did not come back for ex- 
amination and 4 died. One patient with car- 
cinoma of the uterus, vagina and urethra died 
of diffuse suppurative peritonitis which had 
developed from a pyometra. Both patients with 
recurrence of carcinoma after operation are 
healing. 

The primary results of this method of treat- 
ment are satisfactory and furnish sufficient en- 
couragement for the continuance of the treat- 
ment.-—dudrey G. Morgan. 


Brust, Jonn C. M. Factitial (radium) proc- 
titis. New York State F. M., Sept. 1, 1936, 
36, 1229-1230. 


Three cases of factitial or radium proctitis 
following radium therapy of the cervix uteri 
are reported. Treatment consists in warm, 
cleansing enemas of plain water at temperature 
of 100° to 105°F., administered daily following 
evacuation. Two to 3 oz. of warm witch hazel 
is then injected into the rectum to be retained 
until the next defecation. Although one to two 
years may be required for total disappearance 
of the lesion, a speedy diminution of the dis- 
tressing symptoms will follow this therapy. A 
distinctive feature of the lesion is that it is 
nearly always confined to the anterior rectal 
wall with the lower margin of the involved area 
4 to $ cm. above the dentate line. There appears 
to be no relation in the intensity of the lesion 
to the milligram-hours employed.—W. R. 
Brooksher. 


Cramer, W. Experimental observations on the 
rationale of radiotherapy. Lancet, Sept. 19, 
1936, 2, 668-672. 


By transplanting tumors immediately after 
they were irradiated, the author was able to 
determine the effects of irradiation on the 
malignant cells isolated from their tumor bed. 
In this manner the author determined the 
quantity of radiation (beta and gamma) neces- 
sary to produce constant regression. Having de- 
termined rate of regression with one dose, the 
author transplanted the irradiated tumor at 
the end of seven days to another host where it 


P ying 
BAD 
| 
rh 
at atte i 
| 


VoL. 39, No. 4 


was again irradiated. Thus, a tumor was fol- 
lowed over a period of weeks, during which it 
had been treated with small doses of radiation 
at weekly intervals. The rate of tumor growth 
after each treatment was charted. These ex- 
periments demonstrated that the fractionated 
application of small doses of radium, which by 
themselves produced a barely perceptible effect, 
bore a cumulative effect on the rate of growth 
of malignant cells. These experiments also dem- 
onstrated that cancer cells have the power to 
recover completely from this growth inhibition 
and to return to normal when the irradiation 
is discontinued. When irradiation is applied at 
intervals longer than seven days, the cumula- 
tive effect fails to appear. 

The author raises the question of acquired 
radioresistance seen clinically in patients 
treated at long intervals. He believes this is not 
a question of “inoculation” or “residual resist- 
ant cell growth” but attributes it to an anaero- 
bic state which develops as the result of the 
effects of previous.irradiation upon blood ves- 
sels. This anaerobiosis renders malignant cells 
less radiosensitive, and is a condition which 
must be avoided in radiation therapy. In view 
of these data, the author believes that repeated 


applications of small doses and an extension of 


the time between each treatment just long 
enough to prevent any cumulative effect on 
the normal tissues will prove valuable in the 
treatment of cancer.—P. ‘¥. Hodes. 


Unimann, E. Ueber Behandlungserfolge mit 
kleinen Dosen von Radiumemanation. (Re- 
sults of treatment with small doses of radon.) 
Strahlentherapie, 1937, 58, 664-667 


This form of weak radon therapy has a 
unique place in the treatment of refractory 
and chronic roentgen ulcers. In 60 cases ob- 
served over a period of seven years, the results 
were exceedingly gratifying, and this method 
is therefore to be highly recommended. Two 
illustrations of a case are given showing the 
excellent results. Vaseline impregnated with 
radon (50~-100 e.s.u. per gram) is applied to 
the affected part and well shielded by dressings 
and rubber dam. The period of application is 


generally eight hours, repeated at intervals of 


one week until the desired result is obtained. 
Occasionally, in hypersensitive skins, an alter- 
nate wet boric acid dressing is advisable. When 
one considers the poor results generally ob- 
tained heretofore, when treating roentgen ul- 
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cers, this article gives a valuable method that 
can be relied upon in a majority of cases.— 


W. R. Stecher. 


Courarp, H. Réntgentherapie der Karzinome. 
Kraktionierte und protrahierte tagliche Be- 
strahlungen und Bestrahlungen in_periodi- 
schen Serien. (Roentgen therapy of carci- 
noma. Protracted fractional daily exposures 
and irradiation in periodic series.) Strahlen- 
therapie, 1937, 58, 537-540. 

An excellent and brief review of the principles 
of the well-known Coutard technique is pre- 
sented by the originator. The greatest stress is 
placed upon the factor of periodicity, per se, 
as an important factor in successful roentgen 
therapy. A cursory review of the material ac- 
cumulated from 1920-1929 showed a definite 
difference in results obtained in certain cycles; 
thus, 13-17 days; 24-29 days; 39-41 days 
showed improved results. Not much emphasis 
is placed, strangely, on the duration of the 
treatment at each sitting, but daily or prefer- 
ably two daily treatments are mandatory. The 
total dosage for various lesions did not vary 
much; viz., 6,000-8,000 r on the skin for laryn- 
geal cancer; 7,000-8,500 r for pharyngeal and 
8,000~-9,000 r for tonsillar lesions. The variation 
in daily dosage was 500 r for short duration 
series, and 150 r for long series. The average 
size of field was 50-60 sq. cm. for larynx; 60-89 
cm.” for pharynx, and 75—125 sq. cm. for tonsil. 
Increased dosage (10,000-12,000 r), with and 
without protraction of treatment, has definitely 
shown poorer results. 

Hitherto the conception was that the more 
differentiated the neoplasm, the greater must 
be the total dosage, and that the most impor- 
tant factor in radiotherapy was the applica- 
tion of a large total dose. In those cases in 
which a large total dose was ineffective, it was 
considered insufficient. Today it is known that 
irradiating beyond a certain optimum is con- 
ducive to bad results. In concluding, four 
principal factors must be considered in the fol- 
lowing order: 1. Differentiated and infiltrating 
epidermoid carcinomata: (1) division of time 
intervals between series; (2) daily dosage; (3) 
distribution of radiation in tissue; (4) total 
dose. 11. Undifferentiated, uninfilterating epi- 
dermoid squamous cell carcinomata: (1) dis- 
tribution in tissue; (2) total dosage; (3) time 
factor of daily irradiations; (4) daily dosage.— 


W.R. Stecher. 
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WasseERBURGER, K. Radiumschwachbestrah- 
lung. (Weak radium therapy.) Strahlenther- 
apie, 1937, 58, 668-675. 

The technique in treating the thyrotoxicoses 
is as follows: 40 to 50 mg. radium with 0.5 mm. 
Pt filtration, 2.0 cm. distance, over a period of 
eight to ten days, totalling sixty hours (3,000 
mg-hr.). The intensity of the radiation is 0.4 
r/min. Over a four-year period of evaluation, 
of 14 cases of Basedow’s disease, 11 were symp- 
tom-free, and 3 improved. In hyperthyreosis, 
of 17 cases only 2 were symptom-free and 10 im- 
proved, while 2 were unimproved and 3 un- 
reported. 

A penis moulage was utilized in the treat- 
ment of induratio penis plastica (7 mm. dis- 
tance; 0.2 mm. Pt filter), so that approximately 
the same dosage as above was obtained. The 
results were as follows: 23 cases over a four- 
year period showed 20 free of pain and Io of 
these disappearance of the tumor, while the 
other 10 were definitely diminished in size. 

In hemangioma and in circulatory disturb- 
ances of the extremities, a rather similar tech- 
nique was used. In certain hemangiomata, 
4-6 radium needles, filtered through 0.5 mm. 
Pt, each containing small amounts (2 mg. ra- 
dium), were inserted into the lesion. The dosage 
was calculated as approximately 40 per cent 
of the dose which would be ccnsidered for a 
carcinoma of the same size. Malignancy is 
treated in a same manner, namely, with small, 
highly filtered radium doses.—W. R. Stecher. 


Maier, E. Die Radiumdistanzbehandlung. 
(Teleradium therapy.)  Strahlentherapie, 
1937, 58, 593-598. 

The field for teleradium therapy is not only 
that as an expensive substitute for roentgen 
therapy, but it has certain definite advantages 
and indications, and if larger amounts were 
procurable, the author believes it would show 
definite superiority. Illustrations of the physics 
of the apparatus is given, and some of the re- 
sults obtained. Two apparatus are in use—one 
containing 400 mg. and the other 3 gm. of ra- 
dium. The reports date from 1931, and cover 
1,204 cases, 840 of which were treated with 
teleradium therapy. Outstanding was the 
treatment of 120 lingual cancers, 66 of which 
were followed over a three-year period, 20 be- 
ing symptom-free. Other cancers were treated 
with results comparable to other forms of radio- 
therapy.—W. R. Stecher. 
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ScHONBAUER, L. Chirurgische und _ strahlen- 
therapeutische Behandlung bésartiger Ge- 
schwulste. (Surgical and radiation treat- 
ment of malignant tumors.) S¢rahlentherapic, 
1937, 58, 632-635. 


A comparison of surgical and irradiation 
results in cancer with a plea for closer coopera- 
tion is the keynote of this article. For certain 
neoplasms, such as tumors of the gastroin- 
testinal tract, brain and breast, operation is 
recommended. The table appended is. self- 
explanatory. 


Radiotherapy 


| Surgical Teontment 
| 


Location | ,, 
No 


Radically, 3-yr. No. | Radics ally} 3-yr. 


| Cases Srested ‘Survivals Cases | Treated | Cures 
—— 
Tonsil | 52 26 2 83 74 11 
Cheek 38 2 .| 30 20 5 
Gums 34 «| 21 2 | 18 11 
Mouth 3° | 1g | a0 7 2 
Tongue 172 | 127 120 2 
Summary | 326 | 221 | 31 | 292 | 242 38 

| (67%) | (9.5%) | | (83%) | (13%) 

—W .R. Stecher. 


PatmieErtI, G. G. Kontinuierliche und diskon- 
tinuierliche Réntgenbehandlung des Kreb- 
ses in grosser Distanz und mit geringer In- 
tensitat: Superteleréntgentherapie. (Continu- 
ous and discontinuous roentgen therapy of 
cancer at long distances and low intensities: 
Superteleroentgentherapy.) S/rah/entherapie, 
1937s 58, 603-605. 


An ingenious modification of Heublein’s “‘dis- 
tance” technique is described. Between two 
roentgen tubes four chambers and four beds 
are installed; the distance between the tubes 
and beds ranges from 3.5 to 4 meters. This is 
readily accomplished by placing the apparatus 
on the first and third floors, and the patients 
between, on the second. The intensity at con- 
vergence of radiation is 0.25 r per minute. To 
date, the average daily dose has been 200 r ap- 
plied in 133 hours (3 treatments of 43 hr. each). 
This permits the treatment of 4 patients at the 
same time, and with this arrangement, in eight 
hours, 24-30 patients. The tolerance of the 
skin is exceptional; epidermolysis occurs when 
5,000-5,500 r has been absorbed. As high as 
8,000 r has been applied without any permanent 
detrimental affect. Careful check on the red 
blood count and particularly the leukocyte 
count must be made. This is of great impor- 
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tance when fairly large fields are utilized. The 
author’s impression is that this discontinuous 
method is not as efficient as the continuous 
technique, and perhaps the daily dosage is not 
high enough. The method has been used in far- 
advanced carcinoma metastases and accord- 
ingly it is difficult to evaluate this method. At 
a later date his statistical survey will be pub- 


lished. W. R. Stecher. 


Varacu, L. Heilung eines traumatischen Aneu- 
rysmas durch Radiumbestrahlung. (Healing 
of a traumatic aneurysm with radium ther- 
apy.) Strahlentherapie, 1937, 58, 230-233. 
This is, according to the author, the only 

case in the literature in which a traumatic 

aneurysm was healed by radiotherapy. The 

patient was a male, aged twenty-five, with a 

typical history and associated clinical signs 

and symptoms of a traumatic aneurysm of the 
left common carotid artery. The following ra- 
diation dosage was given: 22.5 mc. radon for 
six hours; six days later identical dosage; ten 
days later 43.73 mc. for ten hours; two months 
later 30.6 mc. radon applied for eight hours. 
There was a rather marked skin reaction but 
no ulceration. Following the radium therapy, 
within two months practically all symptoms 
and signs disappeared with marked reduction 
in the size of the neck. Six months later all 
signs and symptoms had disappeared. The au- 
thor conjectures as to the actual effect of the 
irradiation: whether it was upon the endc- 
thelium of the involved vessel wall, causing 
retraction and diminution in size, or whether 
it aided organization of the thrombus.—/. R. 
Stecher. 


WuCHERPFENNIG, V. Ein schwerer Roéntgen- 
kombinationsschaden. (A case of severe 
roentgen-combination damage.) Strahlenther- 
apie, 1937, 58, 155-160. 

A case of favus of the scalp was given an 
epilation dose of roentgen rays, as were numer- 
ous others at the same time. A marked reac- 
tion in this one case, in the form of epilation, 
erythematous ulceration and edema, ensued. 
Unknown to the radiotherapist, chrysarobin 
had been applied subsequent to the radiother- 
apy, which in combination with the roentgen 
radiation caused this untoward reaction. The 
fact that a similar effect was noted along the 
lower eyelids attested to the fact that an ir- 
ritant had unwittingly been rubbed there, for 


this region had not been irradiated. It is very 
difficult to differentiate late roentgen derma- 
titis, and roentgen-combination damage, and 
above all an anamnesis is imperative. The 
fact that this was the solitary case, among 
many treated, aided in determining an extra- 
neous cause for the condition —W. R. Stecher. 


ScHLoss, W. Zur Kenntnis der traumatisch 
ausgelésten Strahlenspatschadigungen. (Late 
injuries resulting from irradiation and those 
appearing post-traumatically.) Strahlenther- 
apie, 1937, 58, 697-700. 


Briefly, there is a presentation of case his- 
tories of 5 patients in whom by further irradia- 
tion insult, mechanical trauma, or pharmaco- 
toxic state, or combinations thereof, delayed 
injuries and sequelae ensued. It is very im- 
portant, therefore, to instruct the patients, 
after irradiation, that further therapy and par- 
ticularly trauma to the devitalized site may be 
coincident with marked and serious conse- 
quences. All forms of irritation, unless a defi- 
nite malignant recurrence, or a malignant 
change is established, should be prohibited. The 
illustrative cases are very instructive.—W. R. 
Stecher. 


Popp, WALTER C., and Bincer, Metvin W. 
The use of pentobarbital sodium for roentgen 
nausea and vomiting. Radiology, Feb., 1937, 
28, 211-214. 


It has been noted in the section of therapeu- 
tic radiology at the Mayo Clinic, that pento- 
barbital sodium (nembutal) in 3 grain sup- 
positories, given immediately following the 
roentgen treatment, is a great aid in reducing 
the amount of radiation sickness frequently 
encountered.—. H. Harris. 


Meyer, H., and MurscHE ter, AR- 
THUR. Heat as a sensitizing agent in radia- 
tion therapy of neoplastic diseases. Radito/- 
ogy, Feb., 1937, 28, 215-222. 


The authors found that superficial tissue 
was rendered definitely more radiosensitive by 
the application of heat. This fact was demon- 
strated clinically in treating a few superficial 
malignant conditions. They suggest a method 
of heating the deeper tissues by short wave 
diathermy during the period of irradiation. No 
clinical results are reported by this method.— 


H. Harris. 
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WarrREN, SHIELDS, and Sommer, GEorGcE N. 
J. Jr. Fibrosarcoma of the soft parts. Arch. 
Surg., Sept., 1936, 33, 425-450. 

Data in 163 cases of fibrosarcoma of the soft 
parts have been analyzed. The neurogenic 
fibrosarcoma and the adenofibrosarcoma are 
recognized as a definite subtype. 

The mean age of onset in both sexes was at 
about fifty years. In 6 per cent multiple tu- 
mors were present. Trauma was not an etiologic 
factor in these cases. In 2 cases the tumors ap- 
peared to be secondary to changes caused by 
irradiation. 

Radiation therapy has been disappointing. 
Most patients were treated successfully by 
operation. 

Recurrence was frequent (64 cases) and had 
grave prognostic significance. Only 8 patients 
were alive and well after treatment of the last 
recurrence. Recurrence usually was early and 
was rare after the first year. Metastasis was in- 
frequent (34 cases) and usually occurred after 
local recurrence. Metastasis was most fre- 
quent in the lungs and occasionally in regional 
lymph nodes. 

The appearance of tumor giant cells indi- 
cated a higher malignancy, as was evidenced by 
a higher mortality and a shorter duration of 
life. Involvement of the head and neck was 
serious, only 21 per cent were alive and well 
three or more years after the onset. Adeno- 
fibrosarcoma of the breast without involvement 
of lymph nodes produced the best results. All 
but 1 of 17 cases recovered. 

The interval from the onset of symptoms to 
the beginning of treatment bore no definite rela- 
tion to the outcome of the treatment.—L. H. 
Osmond. 


Pack, GeorceE T. A plan for the treatment of 
cancer with small quantities of radium. rch. 
Surg., Dec., 1936, 33, 940-994. 
Specifications for radium and containers for 

a tumor clinic are discussed. The author recom- 
mends that 130 mg. of the element be divided 
into 77 platinum cells 11.5 mm. in length, 1 
mm. in external diameter and 0.2 mm. in wall 
thickness; 14 cells of 3.33 mg. each and 63 cells 
of 1.33 mg. each. These cells are then available 
for use in needles, tubes, plaques and moulages 
of various types. The total cost of the radium 
cells is estimated at $4,565 and with applicators 
at about $5,700. 

A workable and invaluable plan to deter- 
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mine the quantity of radiation to be delivered 
to any tumor is outlined. Tissue dosage is 
stressed over applicator dosage and the unit of 
dosage recommended is the threshold erythema 
dose used at the Memorial Hospital. Martin 
and Quimby’s valuable tables enabling one to 
calculate tissue dosage in the biological mini- 
mum threshold erythema are given. 

Quimby’s rules regarding employment of 
radium needles of various lengths are stressed. 
She recommends distances of from 1.5 to 2 cm. 
as proper spacing of needles in single parallel 
series. For two series in parallel planes, she ad- 
vises that the needles should never be placed 
farther apart than the distance between the 
planes. Active radium-bearing portions should 
extend beyond the limits of the tumor and the 
periphery should receive a heavily concentrated 
dose. Quimby’s work, showing that for a given 
dose the distance at which this dose is delivered 
by the needle varies with the length of the 
needles, is stressed. 

Epithelioma of Skin. For radium treatment, 
a series of plaques having a filter of 2 mm. of 
brass and varying in size from 1.8 cm. sq. to 
4 cm. in diameter and also a few rectangular 
plaques are employed. The radium skin dis- 
tance used is constantly 1 cm. The dose varies 
from 700 to 2,000 mg-hr. The radium tray is 
used at a distance of 3 cm. for the carcinoma 
of considerable depth. 

If the tumor projects to any considerable 
height above the surface of the skin, the 
quantity of radiation necessary to sterilize the 
base can be materially lessened by removal of 
the superficial portion by endothermy. 

Malignant Melanoma. Radical excision, pre- 
ferably with the endotherm knife, is strongly 
recommended. Dissection of axillary and in- 
guinal lymph nodes followed by radiation 
therapy is advocated. 

Neurogenic Sarcoma. Wide surgical excision 
followed by heavy external irradiation is ad- 
vised. 

Cancer of the Lip. Cells are imbedded on the 
inner side of a moulage to the extent of 0.5 cm. 
A dose varies from 0.75 to 1 millicurie-de- 
stroyed for every square centimeter of tissue 
treated. 

Cancer of the Tongue. Dorsolingual anterior 
cancer is treated by inserting parallel needles 
perpendicular to the surface and giving ap- 
proximately 130 mc-hr. per cubic centimeter 
of tissue. 
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Dorsolingual posterior cancer is treated as 
those in the anterior position if possible. Oc- 
casionally, supplementary needles are inserted 
into the base of the tongue through the flcor 
of the mouth anteriorly or through the sub- 
mental or suprahyoid regions. Supplementary 
external irradiation is always given. 

Infralingual cancer is treated with intersti- 
tial irradiation if infiltration has occurred. The 
dangers of interstitial irradiation in this loca- 
tion are emphasized. Superficial papillary car- 
cinoma of the floor of the mouth and carcinoma 
of the superior and inferior alveolar processes 
are treated by application of radium on a mold. 
Supplementary external irradiation is used. 

Malignant Tumor of the Tonsil. These tumors 
are usually radiosensitive and managed well 
with external irradiation only. A total dose of 
3,200 to 4,000 r to each side of the neck, giving 
300 r daily, is recommended. If radium is to be 
used, the Berven tonsil applicator with a dose 
of 500 to 1,000 mg-hr. is advised. 

Malignant Tumor of the Antrum or the Su- 
pertor Maxilla. Surgical resection is the sole 
method of treatment for an osteosarcoma or a 
chondrosarcoma of the antrum or the superior 
maxilla. Radium irradiation of the epidermoid 
carcinoma is preceded by surgical drainage 


and épluchage. An incision is made along the_ 


nasolabial fold and through the upper lip to 
permit correct placement of the tubes or 
needles. Roentgen irradiation is employed as a 
preoperative and supplementary measure. In 
advanced cases radical excision is done. 

Carcinoma of the Larynx. Extrinsic carcinoma 
is treated by external irradiation alone. If the 
carcinoma is of the mucous membrane type of 
differentiation, irradiation only is used regard- 
less of location. A total of 3,000 to 4,200 r is 
given in three weeks to each side of the larynx. 
Occasionally, supplementary intracavity ir- 
radiation is employed. 

Tumor of the Parotid Gland. Mixed tumor of 
the parotid gland should be excised. 

The author recommends external and inter- 
stitial irradiation of carcinoma. 

Metastatic Carcinoma in the Cervical Lymph 
Nodes. The great problem in the management 
of these nodes is the consideration of the indi- 
cations and contraindications for a radical or 
partial cervical dissection and of when to em- 
ploy radiation therapy in lieu of surgical exci- 
sion. The author believes that Dr. James J. 
Duffy has furnished the best answer: 
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Indications* 

. Metastases limited to 
one node or group of 
nodes. 

. No perforation of cap- 
sule of lymph nodes. 

. Primary lesion controlled 
or controllable. 


4. Opposite side of neck 


free from disease. 
. Primary lesion limited to 
one side of oval cavity. 
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Contraindications* 


. No apparent metastatic 


involvement of nodes. 


. Perforation of capsule by 


carcinoma. 
Primary lesion uncon- 
trolled or uncontrollable. 


. Crossed or bilateral me- 


tastasis present. 


. Extension of primary le- 


sion to or beyond the 
midline. 


6. Primary lesion composed 6. Primary lesion composed 
of highly differentiated of highly undifferenti- 


cells. ated cells. 
7. No distant metastases. >. Distant metastases. 
8. Patient in good general 8. Patient in poor general 
health. health or aged. 
* All of these indications * Any one of these con- 
must be present for dissec- _ traindications precludes rad- 
tion. ical dissection. 


Cancer of the Esophagus. Exact localization, 
extent and outline are determined by esophago- 
scopy and fluoroscopy. A Janeway gastrostomy 
is done preparatory to irradiation. A total of 
8,000 to g,200 r is given through two oblique 
anterior and two oblique posterior portals in 
three weeks. Then 1,000 to 1,500 mg-hr. of 
radium using I mm. platinum filter is given, 
radium being inserted from below. 

Cancer of the Stomach. The treatment of gas- 
tric cancer is largely surgical. 

Carcinoma of the Colon. Radiation therapy is 
seldom indicated. Some carcinomas of the ce- 
cum are radiosensitive, but irradiation here is 
reserved for the inoperable or recurrent cancer. 

Carcinoma of the Kectum. Resection of the 
rectum by any of the approved surgical 
methods offers the best opportunity for cure 
of carcinoma of the rectum. Irradiation is to be 
employed in inoperable cases, and those who 
refuse operative intervention. It is often a 
valuable supplement to surgical treatment. 
After preliminary external irradiation, the 
chief reliance must be placed on interstitial ir- 
radiation. 

Benign or Malignant Tumor of the Urinary 
Bladder. Successful treatment is best obtained 
by cautery and gold radon seed implantation. 
High voltage roentgen treatment is chiefly 
employed as a palliative measure for inoper- 
able and recurrent carcinoma of the bladder. 

Carcinoma of the Prostate. Cancer of the pros- 
tate in the advanced stage is treated solely by 
fractionated doses of roentgen rays until 8,000 
to 9,600 r is delivered through four portals. 
When the process is less advanced, 6,650 mg-hr. 
is given with the needles and an additional 
3,000 r is added externally. 
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Epithelioma of the Penis. In early cases, su- 
perficial radium therapy is employed. In more 
advanced cases, partial or radical resection is 
sometimes done, followed by prophylactic ex- 
ternal irradiation of both groins. If inguinal 
lymph nodes are involved, bilateral dissection 
is done prior to external irradiation. 

Teratoma of the Testis. A combination of ex- 
ternal irradiation followed by orchidectomy is 
preferred. 

Malignant Tumors of the Vulva. The treat- 
ment of vulvar epithelioma is essentially a sur- 
gical problem followed by external irradiation 
of both groins. If the inguinal glands are in- 
volved, dissection should be done prior to 
heavy external irradiation. 

Carcinoma of the Cervix. Radical panhyster- 
ectomy can be done only for cervical cancer in 
Stage 1, but even in this early stage the results 
are not better than when radiation therapy is 
employed. In most cases, irradiation is the 
method of choice except when complicated by 
adnexal inflammation. External irradiation 
consists of some type of prolonged fractionated 
therapy, giving a total of about 12,000 r about 
the pelvis through six portals in about three 
weeks. 

The curie colpostat or the vaginal bomb as 
used by Healy is strongly recommended. A 
total dosage of 2,000 to 3,000 mg-hr. is recom- 
mended for the cervix when using the curie 
colpostat which has 1 mm. platinum filter. If 
the bomb is used 1,200 to 2,500 mg-hr. is ad- 
vised. An additional dosage of 3,000 to 3,600 
mg-hr. is recommended in the cervical canal. 

Cancer of the Body of the Uterus. Once car- 
cinoma of the body of the uterus is diagnosed, 
the decision as to the method of treatment de- 
pends not only on the stage of the disease, 
i.e., technically operable or inoperable, but also 
on the histologic grade of the neoplasm. The 
anaplastic corporeal cancer of Grade 4 is 
treated solely by radiation therapy even when 
in an operable stage. Cancers of the corpus of 
Grades I to 3 are treated by radical panhyster- 
ectomy after intrauterine radium therapy; 
roentgen irradiation in these cases is reserved 
for postoperative use. 

Malignant Tumor of the Ovary. Surgical re- 
moval of a tumor of the ovary followed by ex- 
ternal radiation therapy is the method of 
choice. 

Cancer of the Breast. The treatment of choice 
for operable carcinoma of the breast is radical 
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amputation. Radical mastectomy is preceded 
by roentgen irradiation only when the carci- 
noma is on the borderline of operability; when 
the degree of malignancy—as judged by the 
clinical index—is high, and in young women 
when metastases are present in axillary nodes- 
Postoperative roentgen therapy is advised for 
use as a routine, for it is believed to decrease 
the incidence or at least to delay the appear- 
ance of local recurrences. Primary operable 
mammary cancer is treated by irradiation alone 
under two conditions: (4) when operation is 
contraindicated by the poor general condition 
of the patient and (4) when operation is flatly 
refused. Every recurrent and inoperable carci- 
noma is treated by irradiation, usually by a 
combination of roentgen rays and interstitial 
radium. 

When mammary cancer is treated solely by 
radiation therapy the five portal technique is 
used giving each portal 1,500 to 1,750 r. Enough 
additional interstitial irradiation is given to 
make a total of from six to ten threshold ery- 
thema doses. The radial arrangement of Keynes 
is suitable for a small cancer, which is centrally 
located. A larger tumor necessitates the place- 
ment of the needles in a series of parallel rows 
or even in gridiron formation. Keynes’ ar- 
rangement is used for the axillary, paramam- 
mary, and infraclavicular areas.—L. H. Os- 
mond. 


O’Brien, Freperick W. The treatment of se- 
lected cases of chronic catarrhal deafness by 
x-rays. Radiology, Jan., 1937, 28, 1-4. 


The author reports the results of treating 
140 patients suffering from catarrhal deafness. 
Of this number 73 were distinctly improved, 65 
were unchanged and 2 were made worse. The 
factors were 145 kv. (peak); 5 ma.; 0.25 mm. 
Cu and 1 mm. Al filter; 50 cm. distance, 15 X 
15 cm. field, 5 min. duration; about go r in air 
to each ear field at one sitting and repeated at 
weekly intervals for nine treatments. The field 
was arranged to include the nasopharyx, the 
course of the eustachian tube, the mastoid 
area and ear structures, because of the ac- 
cepted relationship of lymph adenoid tissue and 
infection to chronic catarrhal deafness, and at 
the same time to include the origin and dis- 
tribution of the 8th nerve and its communica- 
tion in the temporal bone for possible neural 
stimulation.— 7. H. Harris. 
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Hare, H. F. Cancer of the thyroid in children. 

Radiology, Feb., 1937, 28, 131-143. 

Six cases of cancer of the thyroid occurring 
in children under fourteen years of age are re- 
ported. The diagnosis must be made early and 
cannot be made without biopsy. These tumors 
are radiosensitive and postoperative irradia- 
tion is indicated. The author is uncertain as to 
the amount of irradiation necessary but be- 
lieves that a dose larger than 1,500 r must be 
delivered to the tumor cells. As recurrences ap- 
pear early, the irradiation should be given as 
soon as possible after operation. None of the 
patients developed myxedema.— 7. H. Harris. 


WessELy, FE. Unser gegenwartiger Standpunkt 
der Behandlung maligner Tumoren des Lar- 
ynx und des Pharynx. (Our present stand- 
point in the treatment of malignant tumors 
of the larynx and pharynx.) Strahlentherapie, 
1937, 58, 641-645. 

A combined Coutard roentgen therapy, radi- 
um therapy and operation was used in the treat- 
ment of 174 cases of carcinoma of the tongue 
and vallecula, epiglottis, hypopharynx and 
larynx. Sufficient time has not elapsed in the 
author’s series to permit of a proper five-year 
evaluation, but his results thus far are very 
satisfactory. This combined therapy offers 
some chance to cases which heretofore were 
considered inoperable and hopeless. In laryn- 
geal carcinoma his experience has been similar 
to that of Coutard, namely if localized, and not 
infiltrated and no fixation present, then results 
were uniformly good. If a perichondritis is 
present the results are unfavorable. The ques- 
tion of metastasis is important, for regression 
of the primary tumor and regional lymph nodes 
may be effected and distant spread detected 
later. The least frequent tumor to metastasize 
was carcinoma of the inner larynx. The most 
frequent tumor of this group to metastasize was 
carcinoma of the hypopharynx.—¥. R. Stecher. 


Popovié, L. Uber die Réntgenbehandlung 
des primaren Lungenkrebses (1928-1936). 
(Roentgen therapy of primary carcinoma of 
lung (1928-1936).) Strahlentherapie, 1937, 
58, 543-550. 
A tabulated analysis of cases of carcinoma of 

the lung, under care of the author over eight 

years, is presented, together with a concise 
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and satisfactory summary as to therapy, re- 
sponse, etc. Various treatments were given ac- 
cording to the vogue at the time treatment was 
instituted. In 70 cases, g were treated by the 
old fractional method (simple); 48 with Pfah- 
ler’s saturation technique; 8 with the Coutard 
protracted method, and ¢ had insufficient ther- 
apy to evaluate properly. In each case, some 
slight temporary improvement was noted, par- 
ticularly in the complicating pneumonitis or 
secondary infection in atelectatic lung. Al- 
though few showed actual destruction and 
disappearance of the malignant lesion, some 
retardation in rate of growth was universally 
noted. In no instance was there any retarda- 
tion in growth of metastasis, and this occurred 
chiefly in the central nervous system, suprare- 
nal glands and skeleton. From this study there 
is no evidence that any discernible difference in 
response can be accomplished regardless of 
technique; the original small divided doses ac- 
complished the same as the large fractionated 
and protracted dosage, with possibly less dis- 
comfort to the patient. This problem is far 
from settled however, and other clinics must 
combine their publications of results in pul- 
monary carcinoma, for the outlook according 
to the author in his experience is not very hope- 
ful. He concludes with a plea for earlier diag- 
nosis and therapy.—/. R. Stecher. 


Weysser, C. Heilung einer Frau mit Bauch- 
aktinomykose durch fraktionierte R6nt- 
genbestrahlung. (Healing of actinomycosis 
of the abdomen in a woman by the use of 
fractionated roentgen therapy.) Strahlen- 
therapte, 1937, 58; 234-237. 


A severe actinomycotic infection involving 
the abdomen, was quickly and entirely healed 
by combined roentgen therapy and KI adminis- 
tration; 0.1 g. KI was given t.i.d. and irradia- 
tion prescribed as follows: 40 cm. skin-target 
distance, 0.5 Cu plus 1.0 Al, 170 kv. eff., 4 ma.; 
100 r was given daily over 8 X10 cm. fields, and 
a total of 10 doses aggregating 1,000 r constt- 
tuted one cycle. After four weeks’ rest, another 
cycle was given. The author is of the opinion 
that small fractionated dosage has distinct ad- 
vantages over other forms of radiotherapy, 
and mainly that there is a greater cumulative 
dosage, and additionally that no radiation re- 
action, which might be inimical to curative re- 
straint of the infection, occurs.—W. R. Stecher. 
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ScHNEIDER, Georc H. Beitrag zur Ovarial- 
bestrahlung. (Contribution to ovarian ir- 
radiation.) Strahlentherapie, 1937, 58, 238- 
243. 


The old Wintz standard of 35 per cent s.E.D. 
to each ovary is the standard castration dose, 
but this does not apply to all age groups and 
conditions. Thus, in the age groups from twenty 
to sixty years, there is a gradual decrease in 
radiation dosage necessary to produce perma- 
nent amenorrhea, namely 46 per cent (467 r) 
to 32 per cent (324 r) s.£E.p. The amenorrhea 
dose for oophoropathy, metritides, myoma 1, 
11, 111 degree, ranges accordingly from 23 per 
cent S.E.D. (227 r) to 46 per cent s.E.D. (465 r). 
These are the main indications for roentgen 
therapy of the ovaries, and especially if there 
is a concomitant pulmonary tuberculous in- 
fection. The author considers a single dose, 
with the least possible irradiation to produce 
the amenorrhea, as most advisable, and depre- 
cates the use of the fractionated technique.— 
W. R. Stecher. 


WITHERSPOON, J. THORNWELL. Roentgen ir- 
radiation of the ovaries as supplement to 
surgical and radium therapy for mammary 
cancer. Arch. Surg., Oct., 1936, 23, $54-559. 


The majority of the writers reporting on bi- 
lateral oophorectomy as a supplemental ther- 
apy for malignant growths of the breasts have 
recorded improvement in a fair percentage of 
cases. Regression of lesions lasting months and 
even years is described. In 1922, Ahlbom began 
to use irradiation to produce castration and he 
reported improvement in 73 per cent of the 
patients over 45 years of age, as compared with 
results in controls. Recently, Hoffman observed 
disappearance of metastases to the scalp from 
carcinoma of the breast after roentgen irradia- 
tion of the ovaries. Doland and Martin have 
commented on the impressive and dramatic 
regressions of metastases from malignant tu- 
mors of the breast after roentgen irradiation of 
the ovaries. 

Experimentally, Dodds has shown that cas- 
tration in female mice under six months of age 
leads to marked retardation of the rate of 
growth and lowered incidence of spontaneous 
mammary cancer. Pribram has shown that the 
effect of castration is greater the earlier it is 
done. Bischoff has shown that castration has 
no effect on the rate of growth of sarcoma or 
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cancer of the skin of animals. This undoubtedly 
is due to the fact that the estrogenic principle 
is only a sexual growth-stimulating factor and 
not a general body stimulating agent. Loeb 
demonstrated that spontaneous mammary car- 
cinoma occurred earlier in a cancer-hereditary 
strain of mice which had been given estrogenic 
hormone. 

The hypothesis advanced in this paper is 
that in patients with cancer of the breast, 
whether it is primary or secondary, operable 
or inoperable, recurrent or metastatic, all 
ovarian secretion and activity should be de- 
stroyed by means of high voltage roentgen ir- 
radiation or by radium.—L. H. Osmond. 


NieEDERMAYR, R. Die kombinierte Radium- 
Roéntgenbehandlung der Rektum- und Anal- 
karzinome. (Combined treatment with roent- 
gen rays and radium in carcinoma of rectum 
and anus.) Strahlentherapte, 1937, 58,624-631. 


A critical appraisal of results of radical oper- 
ative procedures of cancer of the rectum and 
anus is given; the mean five-year survival per- 
centage is 16. Several well-illustrated cases are 
given, showing rather surprising remissions in 
inoperable rectal cancer. Some of the best 
results were obtained by surgical exposure of 
the affected part followed by combined roent- 
gen and radium therapy. Employing surgery, 
electrocoagulation, and radiotherapy, the au- 
thor has obtained an occasional result as satis- 
factory as is observed in cancer of the uterus. 
The outlook is becoming increasingly more op- 
timistic in cancer of this region, which hitherto 
was considered extremely unfavorable.—W. R. 
Stecher. 


DEUTSCHBERGER, O. Zur Symptomatologie und 
Therapie der Karzinommetastasen in der 
Wirbelsaule. (Symptomatology and therapy 
of vertebral metastatic carcinoma.) Strah/en- 
therapie, 1937, 58, 684-687. 


The vertebral bodies are the most frequent 
site of skeletal metastases from carcinoma. This 
frequency increases cranio-caudad, i.e., lumbo- 
sacral vertebrae are most affected. It is im- 
portant to note that pain long precedes any 
demonstrable metastasis in this region, due to 
the location and weight bearing. It is common 
to have metastasis to bone without a lytic or 
plastic reaction that can be discerned roent- 
genographically. There is no such condition in 
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this state, that requires a special designation 
such as “‘osteoneutral form’’ for all these cases 
in due time show the malignant process. This 
is akin to an early osteomyelitis without roent- 
genographically demonstrable changes, even 
though they are present. These so-called 
“osteoneutral metastases” are usually “‘posi- 
tive” after a lapse of two to four months. The 
type of bone reaction is very significant, viz., 
hypernephroma is practically always an osteo- 
lytic process, as compared to prostatic car- 
cinomatous metastasis which is chiefly of the 
osteoplastic type. In the former, there is de- 
struction of the body with marked change in 
contour which is not so common in prostatic 
osseous metastases. Mammary carcinoma gen- 
erally produces both types of osseous reaction, 
with predominance of one, and one rarely ob- 
serves as large single sites as in the above two 
forms. The appearance in mammary metastasis 
to the vertebral bodies has been called “‘sieve- 
like.” Thyroid metastatic lesions in the verte- 
brae have a somewhat characteristic cyst-like 
appearance. It has been repeatedly noted that, 
in those cases of extreme skeletal metastatic 
involvement, the visceral pathology is not very 
marked, and is occasionally entirely free from 
metastatic nodules. It is well known that vis- 
ceral metastasis, in general, is later than skele- 
tal. This all varies, of course, with the original 
site of the primary lesion. Curiously no pul- 
monary metastasis has been found in the 
author’s experience secondary to prostatic 
cancer. This is the reverse of conditions ob- 
served in hypernephromata and thyroid ma- 


‘lignancy. In mammary carcinoma the pulmo- 


nary involvement is generally delayed. This 
variation of metastatic types is, of course, im- 
portant in roentgen therapeutic procedures. 
Total disappearance of metastases is only ob- 
served in certain histologic types, namely, 
carcinoma simplex. The purely osteolytic type 
of metastasis from hypernephroma is most 
radioresistant. Since 70 per cent of all meta- 
static lesions to vertebrae result from mam- 
mary carcinoma, which has a fair percentage of 
carcinoma simplex, the results of irradiation are 
accordingly fairly satisfactory, both pallia- 
tively and from a curative standpoint. The 
author recommends 2,000 r effective in the 
vertebral metastasis, which is given over a 
three to four week period. Relief from pain is 
very common, and, as mentioned, disappear- 
ance of the lesions with recalcification occurs in 
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a certain percentage. The lesions frequently 
remained apparently healed over one and a 
half years, with recurrence in many instances. 


—W. R. Stecher. 


MISCELLANEOUS 


Rairorp, THEOpoRE S., and Mutinos, 
CHAEL G. Studies in gastro-intestinal mo- 
tility. 4rch. Surg., Aug., 1936, 33, 276-296. 


Studies in gastrointestinal motility have been 
carried out on exteriorized segments of bowel 
(or stomach) by means of grafting to the ab- 
dominal wall. These studies show beyond doubt 
that stimulation of the vagus nerve or mucosal 
irritation elicits contraction first of the longi- 
tudinal and then of the circular muscle. The 
result of such a mechanism is to increase the 
lumen and then to decrease and obliterate it. 
The results also point to a definite true my- 
enteric reflex. 

Morphine caused a gradual spastic contrac- 
tion of the circular muscle and coincident with 
this the longitudinal muscle was inhibited. No 
constant effect could be demonstrated with the 
pitressin injected subcutaneously. Physostig- 
mine salicylate and acetylcholine caused an in- 
crease in the activity of both muscle roots re- 
sulting in coincidental contractions of moderate 
magnitude of the longitudinal and the circular 
muscle with a slight increase in tone. Small 
doses of epinephrine injected intravenously 
produced an inconstant major contraction of 
the longitudinal muscle, while larger doses pro- 
duced subsequent strong and well-sustained 
contraction of the circular muscle. Atropine in- 
hibited all reaction to mechanical stimulation. 

In general, heat caused a predominant con- 
traction of the longitudinal muscle, while cold 
caused a predominant contraction of circular 
muscle.—L. H. Osmond. 


ZIMMERMAN, L. M., Frank, R., and NECHELES, 
H. Effect of acetylcholine and of physostig- 
mine on gastrointestinal motility. Arch. 
Surg., Aug., 1936, 187-196. 


The authors attempted to stimulate gastro- 
intestinal motility by means of acetylcholine, 
which is apparently the physiologic agent of 
peristaltic activity of the digestive tract. Small 
doses of acetylcholine alone had very little or 
no effect on peristaltic activity. Small doses of 
physostigmine alone had inconstant effects on 
gastrointestinal motility. Intramuscular injec- 
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tion of small doses of physostigmine in com- 
bination with acetylcholine always produced 
increased gastrointestinal motility, without sig- 
nificant cardiovascular disturbances or other 
undesirable manifestations. Animals with peri- 
tonitis responded somewhat more to the 
acetylcholine-physostigmine mixture than did 
the normal ones, suggesting its clinical use in 
cases of paralytic ileus —L. H. Osmond. 


NecHELES, H., Masxin, M., Srrauss, S., 
Srrauss, A. A., and Tart, E. Effect of pos- 
terior pituitary extracts on motility of the 
gastrointestinal tract. Arch. Surg., Nov., 
1936, 33, 780-791. 

The pressor, oxytocic and mixed principles 
of the posterior lobe of the pituitary gland, in 
the form of pitressin, pitocin and solution of 
posterior pituitary, were injected into man 
and dogs with balloons at various levels of their 
gastrointestinal tract. 

Nine subjects with ileal or colonic fistulas 
and one normal young woman who swallowed 
a stomach balloon were tested. Of the g pa- 
tients with fistulas, 8 responded to the drugs 
with increase in tonus and in the amplitude and 
height of the contractions. Violent contractions, 
tetanus, colic and defecation occurred in several 
of the subjects. 

Only 1 of 3 normal unanesthetized dogs 
manifested increased intestinal activity in re- 
sponse to pitressin. Apparently the tempera- 
ment or disposition of the animal represents a 
contributing factor. 

Caution appears indicated in the clinical use 
of pitressin, particularly when the intestinal 
wall is weakened.—L. H. Osmond. 


Wavucau, Joun M. Effect of fat introduced into 
the jejunum by fistula on motility and 
emptying time of the stomach. Arch. Surg., 
Sept., 1936, 33, 451-466. 


With trained animals under controlled con- 
ditions, the time of appearance of the routine 
barium sulphate meal in the duodenum and the 
emptying time of the stomach were fairly uni- 
form. Physiologic solution of sodium chloride 
in the jejunum as used in these experiments had 
little if any effect on gastric motility and emp- 
tying. Skimmed milk in the jejunum caused an 
average delay of 6.8 minutes in the first appear- 
ance of material from the stomach in the duo- 
denum. It did not appreciably lengthen the 
time required for complete emptying of the 
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stomach. Cream (fat) in the jejunum immedi- 
ately produced marked atony of the whole 
stomach with no peristalsis for from thirty to 
ninety minutes, depending on the quantity 
introduced and the size cf the animal. The time 
of appearance of barium sulfate in the duo- 
denum was markedly delayed by fat in the 
jejunum, averaging fifty-eight minutes longer 
than with skimmed milk, and the emptying 
time of the stomach was prolonged. The gastric 
inhibitory effect of fat placed in the stomach 
was much less pronounced than that of a similar 
quantity of fat placed in the jejunum. The fat 
was apparently without effect until it had 
reached the upper part of the small intestine. 
It is suggested by the observations that there 
is actual closure of the pylorus and that this 
plays an important rdle in gastric inhibition 
produced by fat in addition to atony and ab- 
sence of peristalsis. These experiments, em- 
ploying a method that does not disturb normal 
physiologic conditions in the stomach, demon- 
strate that fat initiates its inhibitory action in 
the upper part of the small intestine and not 
in the stomach.—L. H. Osmond. 


Ciark, Georce L., and SHENK, Joun H. 
X-ray diffraction studies of globular proteins. 
1. Egg albumin. Radiology, Jan., 1937, 28, 
58-67. 


The purpose of the investigations were (1) to 
obtain diffraction patterns of crystalline egg 
albumin and crystalline hemoglobins; (2) to 
compare patterns of hemoglobin from different 
species for differences as noted in crystallo- 
graphic studies; (3) to study denaturation of 
proteins by chemical reagents; (4) to obtain 
diffraction patterns of the pigment fraction of 
hemoglobin. 

The authors conclude (1) air-dried precipi- 
tates formed by the addition of dilute salt solu- 
tions and picric acid to an egg albumin solution 
give roentgen-ray diffractions similar to that 
of air-dried egg albumin; (2) egg albumin pre- 
cipitated by trichloroacetic acid, alcohol, and 
heat give essentially the same patterns but the 
two rings are much sharper, especially the 
outer one; (3) when egg albumin is denatured 
by heat at pH 3 and then precipitated, the 
rings are sharp and another ring appears faintly 
in the diffraction pattern; (4) crystalline egg 
albumin was prepared. A photomicrograph and 
a diffraction pattern are shown, both of which 
prove its crystallinity.—¥. H. Harris. 
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